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THE STRATIGRAPHICAL OCCURRENCE AND
PALAEOECOLOGY OF SOME AUSTRALIAN TERTIARY
MARSUPIALS.

By Edmund D. Gill, B.A., B.D., F.G.S., Curator of Fossils,

Natronal Museum of Victoria.
Paper submitted January, 1955.

ABSTRACT.

A. Wynyardia bassiana is a Lower Tertiary possum from Northern Tasmania
whose provenance has been checked by the fluorine test and other
investigations. It was apparently swept down a river and entombed
as a carcase in marine calcareous mud because the bones were largely
in their correct relative positions.

B. In the Hamilton district of Victoria, part of the ramus of a kangaroo in
a Lower Pliocene marine bed suggests some kind of grassland environment,
and indicates an older origin for the kangaroos than some have previously
accepted. In a swampland environment with a conifer-eucalypt forest
rich in ferns, and with ponds rich in diatoms and sponges, there lived a
cuscus represented by a fossil molar. Voleanic ash fell on this landscape
which was subsequently obliterated by lava flows. The climate was pluvial
and warmer than the present. There is evidence to suggest that the
Grampian Mountains were uplifted at this time.

C. The recognition of marine and non-marine members of the Sandringham Sands
formation in the Port Phillip area, the dating of the latter member by
pollen analysis, and the consideration of the varying facies involved, assist
in understanding the Upper Miocene marine beds at Beaumaris whence
came a number of marsupial bones. Fluorine tests have checked their
provenance.

D.-E. The Tertiary marsupial fauna of Australia as at present known is listed,
and a number of localities of possible Tertiary age which have yielded
marsupial fossils is discussed.

CONTENTS.
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INTRODUCTION.

In the year 1900, Professor Baldwin Spencer published his
monograph on Wynyardia bassiana and thus the nature of Aus-
tralia’s first Tertiary marsupial became known. With the help of
Auorine tests, a number of others has recently been recognized,
and this paper is written to elucidate their stratigraphical occur-
rence. Most of these marsupials occur in shallow water marine
deposits and the marine fossils thus date them with some precision.
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AL OccureeNce ok Wyngardia ar WyNyain, TASMANIA.

1. Stratigraphy. —The possim Wynyardia bassiana was fonmd
m the Janjukian hmestone at the ehiff called Fossil Bnff which
faces Bass Strait at the eastern edge of the delta of the Inglis River
i Northern Tasmania (see text-fig. 1), The locality is on the
outskirts of the township of Wynvard, but is often referred to
in the literature as Table Cape, a prominent basaltie headland a
little further west. It is more acenrate to refer to the site as Fossil
Bhuff, Wynyard. The site and its fossils have been deseribed hy
Johnston (1876, 1887, 1880a, 18854, B, ¢, 1888), Tenison Woods
18764, 1, ¢, 1877), Stephens (1870), Scott (1914), Scott and Lo
(1922), Flynn (1932), Tate (18854, B). May (19194, B, G0 .
Pritchard (1896, 1913), Chapman (1922), (‘hapman and Crespin
(1923, 1935), Duncan (1875, 1876), Ashby (1925), and others.
The writer (Gill, 1955) has commented on the palacoecology of the
beds. The site has heen proclaimed a reserved area for scientific
purposes (Anonymous, 1920).

The first reference in literatwre to Wyngardia appears to be
that of Tenison Woods (1876, p. 28). who after describing
Turritella sturtii stated, ““ In the Musewn there is a large block
of yellow calcarcous sandstone from Table (fape, principally com-
posed of this fossil. with an almost complete skeleton of a small
marsnpial herbivore imbedded.  (Macropus ov IHalmaturus?).”
Johnston (1888) mentioned it, and later Tate (1894) gave the
folowing acconnt :—

“The skeleton of a marsupial is recorded by Mr. R. M. Johnston from the
‘ Turritella beds’ at Table Cape, and by him referred to the living genus
Halmaturus without specific name. At the time of writing my Census, I had
thought it possible that the specimen might be of recent date, and had reached
its position by way of a vertical fissure from the surface, and it was accordingly
omitted. During the meeting of the Australasian Association for the Advance-
ment of Science at Hobart, the slab containing the skeleton was carefully
examined by Professors Hutton and Spencer and myself, and by us was unhesi-
tatingly pronounced to be lying in the bedding plane of the rock. Subsequently
Professor Spencer and myself visited Table Cape to study its stratigraphical
features, with the result that this extensive vertical section represents one period
of deposition, gradually passing from the basal conglomerates and coarse grits,
rich in marine fossils, to the ‘ Turritella beds’, in which the species have been
greatly reduced in number, and to estuarine or fluviatile beds with plant-remains
only. This discovery is of the highest interest, as hitherto no marsupial remains
are known older that the age of Diprotodon or Pliocene; and leads us to hope
that other progenitors of the modern Marsupialia of this Continent may yet be
found, and so help to solve the question of their geographic origin. Professor
Spencer has promised to investigate the fossil with the view to determine the
classificatory position of the oldest known Australian marsupial.”
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Speneer (1900) kept his promise. One of his original drawings
is reproduced in Plate 1. In 1930, Wood Jones redeseribed and
reinterpreted this important fossil.  'The references in literature to
Waynyardia ave legion, and for the present purpose it may be
enongh to mention the discussions by Abbie (1941), Anderson
(1925, 1936, 1940), Longman (1924), Pearson (1947), and Shinp-
son (1930). After Tate expressed his hope of further finds of
Tertiary marsupials in Aunstralia, 59 yvears passed before further
definite records were established (Gill, 19534, B).

The stratigraphical snecession at Fossil BInff is as shown in
text-fig. 2, and the actnal cliff is illustrated in Plate 2, figs. 1-2.
The Tertiary sedinients rest on a Permian tillite (Kitson, 1902:

BASALT
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RES/N.

‘¢ RASSATELLA BED’

L
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TEXT-FIGURE 2.—Geological Section of Fossil Bluff, near Wynyard,
northern Tasmania. Wuynyardia came from the “ Turritella Bed.”

David, 1907 ; Noetling, 1909) with large drop pebbles,  This tillite
forms the shore platform at Fossil Blutt. Over the tillite lies the
* Orassatella bed 7 without any intevvening fossil soil or other
evidenee of subaerial weathering. The hed is about 3 feet thick
at Fossil Bluff, aud consists of a conglomerate containing
numerous pebbles of different kinds such as can he found in the
tillite underneath. In addition there is gravel, saud, and finer
fractions. There is a large calcareous fraction consisting of the
skeletons (mostly broken) of marine organisms (ollusea pre-
dominating). The sediments are very poorly sorted. The lithology
of the beds as such has not been studied, but the above desecription
is enough to indicate a shallow water, near-shore environment
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with strong currents. The large heavy-shelled Crassatella was

particularly successful in this hahitat. Johnston (1876) reported
fossil wood from this bed.

Without any apparent stratig ‘aphic break, the ““ Crassatella
hed ”? 18 succeeded by the * Tarritella bed 7. M. R. Banks of
thg University of Tasmania and the writer visited the site and
1952 and agreed that there is no disconformity or diastem in the
succession.  The *“ Turritella hed ™ is a fine-grained clayey lme-
stone, and the lower part of it is particularly rich in fossils.” From
this bed came Wynyardia. Of ecological interest is the fact that
fossil leaves (Johnston, 1887, p- xx., plates A, B following p. 248;
1888, pp. 182, 185) and a waterworn pehble of resin (Gill, 1955)
have come from this hed. \ |

2. Age.—In the past 75 vears many different ages have heen
attributed to the Tertiary beds at Fossil Bluff. Some of these
differences are due to the fact that certain determinations antedate
tlge’ acceptance of the Oligocene Period. Others are due to
different ideas as to their antignity, However, for some time it
has been agreed that they are of Janjukian age. Raggatt and
Jrespin (1952) claim this stage to be of Focene age. whereas
Singleton (1941) and Glaessner (1953) regard it as Oligocene.
Even at the latter younger age, Wynyardia is still Australia’s
carliest known marsupial.

3. The Fossil—When visiting Hobart in 1954, the writer
examined the bones of Wynyardia bussiona at the Tasmanian
Museum, this being made possible by the kind co-operation of
the Director, Dr. W. Bryden, and the Honorary Palacontologist.
M. R. Banks. The original position of the bones in the Tarritclla
limestone can be seen in Plate 504 of David and Browne (1950).
Most of the bones were freed from the matrix for the original
study of Wynyardie, and the remaining ones have now been
extracted by Mr. Banks. The bones were so solidly embedded
that they gave no hint of being anything but i situ. The
following list of skeletal remains was made:—

Imperfect c¢ranimn.

Ramus of mandible (no teeth; pathological malformation).

Two pieces of the pelvie girdle.

Six imperfect long bones or pieces thereot.

Thirteen vertebrae or pieces thercof.

Ten ribs or picces thercof.

Thirtv-three small fragments.
This makes a total of 66 picces of skeleton. In the National
Museum of Victoria is a rib collected by I'. A. Cndmore many
vears ago from the same bed at the same site which could be
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part of the same skeleton. It was colleeted tn site from the
*upper bed 7', and so if established will constitnte evidence to
he taken with other facts to indicate that the skeleton of
W ynyardic was veally in place in the eliff.

4. Keological Observations. W ynyardia basstana s a land
ammal found in a marine bed, and the examination of the bones
preserved throws some light on how it came to he where it was
formad.

(1) No bone shows any appreciable wear. The nearal spines
and transverse processes of the vertebrae, althongh so strongly
projecting, and in certain cases quite thin, show ne sign of
abrasion ax distinet from fractine or solution.

(b) The bones are of sueh dissimilar sizes, shapes, and
weights that if they were merely sedimentary materials, they
conld only appear in ¢uite nnsorted sediments, whereas in tact
they occeur in well-sovted sediments, The size and weight of the
hones make them quite ont of character with the fine sediments
in which they were found and so cannot he considered as moved
into place by water movenments and deposited asx sediments.

(e) A\ ecast of Wyngardia in its original position in the matrix
as well as the photo veferred to above, show that the hones were
uot lying haphazard on the sea-floor, hut were to a certain extent
in their positions of aticulation.  The vertebral eolumn was
largely in place, the eranhm was at oue end of the cohunm, and
the pelvie bones with some leg bones at the other. The bones
obviously arrived together and not in a disartienlated conditiou.
Wynyardic must therefore have floated as a carcase to more ov
less the position where it was found. Tt would be bronght by
the flow of a river and probably alko marine curvents. The wind
could affeet a floating ohject sneh as this. The presence of leaves.
wood, and resin in these beds, ax well as the possun, suggest that
a river debonched nearby.  If this skeleton had floated into thix
arca when the Crassatella hed was heing laid down, it would
surcly have been destroved in the rather turbulent waters. It
would certainly have heen seattered.  In the quiet waters of the
Tuwrritella bed environment, the carcase sank to the sea floor, and
hones lay hittle disturbed until covered hy sediment (ef. Wintle,
1886, p. 45).

(d) An cxamination of the cast of Wynyardia in situ shows
that the dorsal surface of the cranmium was buried in the lime-
stone, with the result that the palate was exposed to the attack
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of the sea wheu the block in which it was held fell to the shore
platform at Fossil Bluff (see Pl 2, figs. 1-3). It is probable
that there were tecth present when the fossil was first exposed
to marine attack, but that they were knocked out and the palate
croded. Since Wynyardia arrived as a complete carease, it would
be very strange if it had no teeth. Likewise the ramus was in
such a position that the sea could remove any teeth that were
present. There is 1o reason for considering that the animal may
have been edentulous because no teeth ave preserved. In any case
*“ the broken alveolar cavity for the roots of the third molar is
clearly retained ” (Wood Jones, 1930, p. 108).

(¢) The mandibular vamus of Wynyardia bassiana las a
cnrrous structure in the region of the second molar tooth wlich
Wood Jones has interpreted as a pathological one, the most
probable diagnosis heing an alveolar abscess cavity.  In s=pite
of thig the ammal reached matwreity, bat theve is no doubt that
the disability (however the malformation be interpreted) would
affect its nutrition. It was probably swept out to sea where it
found its way into quiet waters away from the turbnlence of the
open sea, It sank to the bottom, settling into a soft limey mud
where a colony of gasteropods (Turritella) thrived, and in time
was naturally interred. The warine muds preserved the bones
for some 40 or 50 million years nutihmavine erosion at Fossil Bluff
at the end of the nineteenth century A.D. hronght this interesting
fossil to light.

(f) Many Tertiavy lmestones in S.-E. Australia have a
vertical eleavage so that large picces tlake off coastal eliffs formed
of these rocks. Such a hlock, containing the bones of Wynyardia.
fell from the sea chiff at Fossil Blutt on to the hard shore platform
of Permian tillite (Plate 2, fig. 3). The sca heats directly against
the cliff, and so the block was immediately attacked by the sca.
Wynyardia was thus found in situ in the Turritelle Innestone.
but not in situ in the eliff.  On account of the mneertaimties that
can attend any such ocenrrence, and hecause of the close similarity
hetween Wynyardia and living possuns, sone workers donbted
whether Wynyardia was as old as the rock in which it was found.
One suggestion was that a possum may have fallen down a creviee
wlere its bones were covered with rock waste from the limestone
whiclt became cemented hy solntions of caleium carbonate.  To
determine whether 1Wynyardia was in fact as old as the Twrritella
limestone, the fluorine test was applied (Gill (1954p). Mr. W, R.
Jewell, Chief Government Chemist, and his staff at the State
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Laboratories, Melbourne, kindly carried out the fluorine and
phosphate analyses with the following results:—

Specimen. " Percentage ¥ . Percentage D0, i Fluorine Index.*
|

L. Wynyardia  bassiana  Spencer 1900, |

Portion of a rib .. N 310 30-0 | 10-3
9. Ditto .. .. .. .l 30D 31-6 9-7
3. Ditto .. . .. Yy 3-05 312 9-8
Vo Woynyardia  bassiana,  Portion  of  a |

vertebra .. - 3-05 ‘ 30-9 9-9
5. Fragments of whale bono 285 299 9-5
6. Tooth of Hybodontoid shark Nmplzmlus ;

(— Asteracanthus) coconicns Tate 1804

from © Twurritelle hed 7 . o Do ) 33-1 8:5
7. Ditto.  Tooth from the * Crassatella

bed ™ . P . 2 3 285 34-0 | 8-4
?. Fish vertebra (somewbat stheified) from

the = Turritella bed ™ . 5 210 , DD 852

* The ttuorine index s e
10,

The fluorine percentages are rounded off to the nearest 0-05 ax
the figures are considered significant to this amount. The first
five specimens in the above list of analyses were kindly provided
by the Tasmanian Muscum, while the remainder came from the
National Muscum of Vietoria (. A, Cudniove Collection).
Typical Turritella bed matrix was removed from specimen 6, and
this has been preserved.

The results of the flnorine test may he summarized thus:—

Wynyardia bassiana .. Flhuorine imdex 9-9 (average)
Whale bone . " w 95
Shark’s tooth (upper lw(]) . w 8D
Shark’s tooth (lower hed) . w 84
Sihicified fish vertebra .. . w 872

The TV ynyardic and whale indices, both established on skeletal
bones (see Gill, 1955, concerning the importance of -this), are
closely cmnparlhle. The teeth, being less permeable, have a lower
index, as is to be expected. The small difference bhetween {he
mdex of a tooth from the lower bed, and that of a tooth of ihe
same species from the upper bed, mayv be taken as additional
evidenee that there is no stratigraphical break in the Fossil Binff
strata. They belong to the one eyele of sedimentation. The lower
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index of the fish vertebra is understandable in view of its silicifi-

cation. This mineralization may have its origin in solutions from
the decomposing basalt above.

Wynyardia is a Trichosurus type possura, and a control for
the fluorine test is provided by the analysis of a piece of the
anterior end of the wmandible of a present-day Trichosurus

vulpecula from Wynyard. The contrasting figures are as
follows :—

|
Animal. !l % F. % P,0,. Fluorine Index.
1
N | L b
t. Wynyardia bassiana (Tertiary). Average ! 3-06 3049 Aoy
2. Trichosurus vulpecula (Extant) .. 0-005 25-1 0-02

Wynyardia therefore has a fluorine index nearly 500 times as
great as that of a possum living in the same arca in modern
times. Fossil bones with fluorine indices eomparable sith that
of Wynyardia are found in the Tertiary beds of the Beaumarix
and Hamilton districts of Victoria ({iill, 19534, B, 1955). Thux
the fluorine test, with the other evidence outlined carlicr in thix
paper, proves that Wynyardia is a valid fossil having the same
age as the Turritella bed in which it was found.

B. OccurrexcE oF TERTIARY MARSUPIALS AT HanmInToN, Vicroria.

1. Grange Burn—The geology of the Hamilton area was first
described nearly 100 years ago by Bonwick (1858), but he made
no mention of the Tertiary fossiliferous beds, so probably they
had not beeun discovered them. Descriptions of Tertiary fossils
from the Hamilton district appeared in the 1860°s. and the
localities on Muddy Creek, Violet Creek, and Grange Burn have
hecome classie for Tertiary studies in Victoria. The references
in literature are far too numerous to warrant heing listed here.
hut the principal discoveries are recorded in Ashiby and Cotton
(1939), Chapman (1914, 1916, 1923), Chapman and Cudmore
(1924, 1934), Colliver (1933), Crespin (1936). David and Browne
(1950), Dennant (1889). Duncan (1865, 1875, 1876), Gill (1952,
19534, B), Howchin (1889, 1890, 1891), Parr (1926, 1939). Withers
(1953).
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TeEXT-FIGURE 3. Locality map of the area west of Hamilton, Victoria. Numbears
in circles are localities so numbered in the text. Locality 11 (diatomite and
polleniferous clay! is on Grange Burn 11 mile east of the edge of the map.

Iu Victoria there are three Tertiary sedimentary basins of
different sizes, viz., the Portland-Mt. Gambicr 2-1obed sunkland in
the west, the Port Phillip sunkland in the central area, and the
Gippsland sunkland in the east.  Peripheral to these basins are
thin shelt deposits.  Most of the type sections for the various
Tertiary stages established in Vietoria are in the thin shelf
deposits. There have not been the orogenie movements to cause
exposure of great thicknesses of Tertiary rocks such as can he
<cen in New Zealand. The Tertiary beds at Hamilton are thin
<helf deposits.  Boutakoft and Sprigg (1953) have listed two
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ﬁormatmus which they name ¢ Muddy Creek ”” (Miocene) and

Grange Burn ”” (Lower Pliocene). As a number of observers
have noted i the past (e.g. Chapman, 1914), there are actually
three formations in this area, viz.:— ’

Youngest Grauge Burn Cloquina,
Muddy Creek Marl,
Oldest  Bochara Limestone (here named after the Parish
of Bochara).

Boutakoff and Sprigg merge the two older formations, but the
writer finds that these three lithological units can he mapped iu
the field with facility, and so prefers the traditional division into
three formations.  Singleton (1941) ontlines the history of the
controversy concerning the order of succession of these three
formations, a question settled nltimately by the Yulecart No. 1
hore. However, the writer has found that the three formations
outerop in one section (marked seetion 1 in text-fig. 3) on the
south hank of Grange Bnru at Pat’s Gully (see text-fig. 4). Anger
holes were put down to remove any possible doubt concerning the
relationships of the highest formation, which is largely covered
with soil and grass, althongh the typical fossils ave abundant
therein.  Anger Iole 1 on the seetion line 3 feet north of the
fence peuetrated :—

0 i1 to 9 ins.—Dark ¢hoeolate soil with basalt houlders and
small limestone nodnles.

9 ins. to 6 ft. 9 ins—IFawn ecarthy Hmestone or calcareous
sand. At 1 ft. 3 ins. band of Polinices in hard crystal-
line limestone. Limey at 32 ins. (Pedological effeet).
and at 3 ft. 3 ins. a thin hard haud below which were
nunerons  Hwmestone  nodnles.  Fossils,  including
Polinices. At 5 tt. 6 s, to 5 ft. 9 ins. large snb-
spherical limestone nodules of varying sizes bt com-
monly 4 to 5 em. in diameter and consisting of Ane
well-rounded quartz sand with some mica, hthified hy
q caleareons cement.  Another Polinices horizon at
5 1t. 10 ins.  Nunerous nodules of different kinds at
junetion with mdertying wmarl hed.

6 1. 9 ins.—Grey clayey wmarl (Balcombian).
Auger Hole 2 on the section line 23 feet north of fence
penetrated :—

0in. to 10 ins. —Dark chocolate soil with pieces of Innestone,
nodules. and  shells  of  Polinices, Ostrea,  de.
(Kalimnan). The nodnles are like those at 5 ft. 6 ins.

1637/55.—10
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to 5 ft. 9 ins. in Auger Hole 1 but smaller. On
digestion in acid there was 2 stimilar residue of fine
well-rounded quartz and some mica, but there was also
an appreciable amount of carhonaceous matter.

10 1ns. to 6 ft. 8 ins.—Fawn earthy clayey Hmestone. Free
lime at 32 ins. a little more clayey at 3 ft. 3 ins., firmer
and greyer (especially inside lumps) at 4 ft. 2 ins.,
Corbula at 4 ft. 6 ins. and further fossils at 5 ft. 6 ms.,
ron enrichment at 5 ft. 8 ins., and typical Balcombian
marl at 6 ft. 8 ins.

6 ft. 8 ins. to 7 ft. 8 ins—Marl.

This auger hole log may he summarized thus:—

0 in. to 10 ins.—Soil and Kalimnan fossils.
10 ins. to 6 ft. 8 ins.—Weathered Balcombian marl.

6 ft. 8 ins. to 7 ft. 8 ins—Kresh (although still somewhat
oxidized) Balcombian marl.

In the section at Pat’s Gully the outerops of the three formations
are rich in fossils.

As far as outerops indicate, the baseinent rock in this area is
quartz porphyry (sce text-fig. 3). No laboratory determinations
of the rocks have heen made, the names given being field ones
only. The Bochara Limestone (lowest of the three Tertiary
formations) is highly calcarcous and is lithitied so as to be
crystalline in part. The strata are horizontal or with low dips.
They coustitute the creek cliff at Henty’s (loc. 5) where they
have a slight westerly dip. A short distance cast of Henty's they
abut against the Muddy Creek Marl, the junetion consisting of a
reversed fanlt (sce text-fignre 3) with a throw of the order of
100 feet. This is the largest fault noted in the area studied. The
marl appears to have been pulled up a little by the fault so that
it has a shlight easterly dip. Near the end of Clifton-road, cliffs
expose about 50 feet of Bochara Limestone, but that the formation
is thicker than this is proved by the Yulecart No. 1 hore (Mines
Dept., 1938).. The fossils indicate a marine enviromment of warmn
clear water.

The boundary between the Bocehara Limestone and the over-
lying Muddy Creek Marl is a sharp and oonfm‘mablq one. Many
springs enterge along this 0011’[:1(*’(.. The Bochara Limestone can
be followed on Grange Burn in its more or less westerly dip
from Henty's, and as the Muddy Creek Marl appears in the ¢reck
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walls, the vertical eliffs caused by the Bochara Limestone give way
to the sloping banks cansed by the marl.  This difference in
lithology is the origin of the terraces downstream from Henty's
which Chapman (1914, fig. 16) interpreted as due to a rejuvena-
tion of the streanm. This formation is nolithificd and so the mame
“omarl T orather than * marlstone ™ is applied to it. The forma-
tion is very consistent in character thronghout the onterops of the
area. Quiet waters of moderate depth arve indicated.  There is
a remarkably vieh fauna containing over 400 species of deseribed
mollusea alone. Lepidoeyelines still ocenr bt not in the rocek-
forming quantities fonnd in the Bochara Limestone,  There s
evidence of decreasing temperatire throngh the three formations
Fronm below up, but the ¢limate at the end ol that period of time
was sl warmer than the present. This deerease in temperatire
throngh the Miocene and Pliocene wis apparently worldwide,
and recently Kmiliani (1954) has traced it hy the oXVeen isotope
method of palacotemperature measurement

Discouformity. -Of stratigraphical importanee is the diseon-
Formity between the Mnoddy Creek Marvl and the Chrange DBorn
Coquina, marked by a nodnle hed. There is room for difference
ol optmon onwhat to call the Grange B formation. O Muddy
Creek it consists of a <hell hed oulv, while on Cirange Dirn the
stime shell hed ocenrs bt over it is g sandy hmestone whieh s
aenerally highly fossiliferous too. The <hells are hoth whole s
hroken. The term Cognina *as used hy Rodgers (1954) appears
to the wiiter to he the hest 1erm to nsc.

I'or the study of this disconformity, a site wax sclected at
MacDonald’s Bank on Maddy Creek swhere the nodule bed s
clearly developed, and a portion of it 24 jns. Tong. by 4+ ins. wide,
by 2 ins. thiek vertically was exeavated. Every nodule 5 nm. or
more i diameter was collected. .\ total of 208 nodnles was
obtained inchuding a Lurge picee of whalehone whicly overlapped
the boundaries of the area given. The nodnles comprised :—

I subrectangular picee of dark-hrown mineralized whale-
hone with ronmnded edges and a hright surface glaze.
[t measures 20 cin. by D e, by 2 i approximately.,

41 waterworn fossil fragments—picees ot molluse shells,
cidaroid spines, bryvozoa aid hone varying in size ond
in degree of mineralization.  One “shell fragment
19 e by 14 1. by 8 mm. consists of the unihonal
portion of a heavy lamellibranch shell and is much
hored by marine molluses.
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166 phosphatic nodules consisting chiefly of pieces of fos-
siliferous marlstone indurated in varying degrees with
phosphate and iron oxide; some contain glauconite.
Mr. G. Baker kindly demounstrated the phosphatic
nature of these nodules.  All are well rounded, and
most of them possess a moderate sphericity, but some
are ﬂa‘gtisll and some sub-cvlindrical.  Some have
encrusting hryozoa and some show evidence of horing.
A few nodules have been hroken and then rounded on
the edges and glazed. One contains a nodule formed at
an carlier thme. The glaze or polish on the nodules
does not penetrate steep-sided depressions and so has
apparently heen induced hy surface friction and is not
a chemical precipitate, or not entively so. A size
analysis based on maximum diameters showed the
following distribution of sizes among the 166
phosphatic nodules :—

o mne to 9 m. inclusive .. 81 nodules
10 mm. to 14 mm. . It -
15 mm. to 19 mm. " .. 20 .
20 nm. to 24 mm. . .. 8 .
25 mmn. to 29 mim. . .. 06 .,
30 mm. to 34 mm. " 2 .
35 mm. to 39 mm. . 1 .
40 mm. to 44 mm. . 1 .
45 mm. to 49 mm. . 2 .
20 mm. to 54 mn. . 1 .
5D mm. to »9 mnni. . 2 "
80 min. to 84 mm. . 1 “

166

In the first seven categories (i.e. apart from the seven extra
large ones at the end of the list), each gronp numbers about half
the preceding one, viz. approximately 80, 40, 20, 10, 5, 2, 1. These
nodules thus present in their sizes as measured by their maximumn
diameters a simple geometrical progression. This is shown
graphically in text-fig. 5. Some of the smaller nodules super-
ficially look rather like buckshot gravel, which is a pedological
product and would indicate derivation from a land surface (Gill.
1953%). However, on grinding a snrface on some of these it was
found that they generally consist basically of hryvozoa; they are
as phosphatic as the rest.
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Phosphatic nodnles are found on the floors of present scas.
Sverdrnp, Johnson, and Fleming (1942) write, ** In eertain near-
shore localities phosphorite Ca.(1PO,). forms a cementing material
which accumulates in nodules and erusts, These phosphate nodules
were first discovered by the Clhallenger off the Cape of Good
Hope ... Phosphorite is commonly associated with abundant
calearcons remains and glanconite.  Pelagiec foraminifera and
henthic remaing may be found, and also the teeth and bones of fish
and marine mannnals.,  "The phosphorite nodnles have a charae-
teristiec smoothly rounded surface with the npper sinface having
a glazed inweathered appearance.™  (pp. 1032-1033.
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TEXT-FIGURE D,

A the smaller phosphatic nodules of the Hamilton distiiet
are glazed but not all the hig ones. When glazed, they are glazed
all over and not jnst on the npper sirface. They \‘ill‘S' from hight
to dark brown in colour. Some are greenizh dne to the presence of
glauconite.  Of the seventeen gronnd to show their internal
structure, one was oolitic and the rest massive. Thev generally
consist of marl cemented together with the phosphatic mineral,
Two of the nodules had cavities containing uncemented marl.

Twenhofel (1950) discusses the various theories advanced to
explain the origin of phosphatic nodules, and concludes, ** The
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deposits were formed in place, they are in places where clastic
sediments are mnot accumulating, and they are not erosion
) ) ; . . -

remnants 7. At Hamilton the geological evidence shows that:—

1. The nodules probably formed in place because they can-
not be satisfactorily accounted for as sedimentary
materials. Terrigenous material is rarve.

]

. The time was one of non-deposition because the forma-
tion underneath is Balcomhian and the one above
Kalimnan with the Cheltenhamian (Upper Miocenc)
unrepresented.

The sea was not of great depth as is shown by the
fossils. The sediments are shelf deposits, and they are
glauconitic.

©o

4. Conditions of chemical reduction obtained on the sea
floor to form the glauconite, and the seas were probably
alkaline (¢f. Twenhofel, 1950). ‘¢ Rich glauconite
occurrences lie adjacent to land areas where plutonic
and metamorphic rooks are exposed.” Quartz porphyry
outcrops frequently in the Hanilton area.

In order to test the fairness of the sample of nodules deseribed
above, excavations were made at various places on both sides of
Muddy Creek. It was found that the nodules collected were
typical, although in some places there was a higher proportion
of elongate or c¢ylindrical ones. Internal casts ot a lamellibranch
and two gasteropods were noted in the same phosphatic and
ferruginous material; they likewise had rounded edges and were
elazed. In places the nodule bed fades out. In Muddy Creek the
bed has a dip of approximately 1° upstream.

The largest nodule T have seen was collected by Dr. G. B.
Pritchard from Grange Burn. It 1s of marly sediments abont
7 inches long by 3 inches in diameter, ¢ylindrical in general shape
but slightly arcuate. It is pierced by numerous pholad burrows,
commonly 1 inch in diameter. In some cases fossil pholads still
oxist in the fossil burrows which have heen infilled later with
sediment. There are other smaller holes cut (see Turner, 1953)
by boring molluses. The nodule is highly phosphatic.  Some
nodules have epiphytic growths on them, such as one collected
hy W. J. Parr on which are numerous siall corals. Phosphatic
nodule beds have been described elsewhere in Vietoria in the
(teelong district (Coulson, 1932; IKeble, 1932), at Beaumaris
(Singleton, 1941), and near Princetown (Baker, 1945).
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It is interesting to compare the Hamilton nodules with the
authigenie phosphorite nodules deseribed from off the Calitornian
coast by Kmery, Butcher, Gould, and Shepard (1952). Over
90 per cent. of the samples came from a submarine bank and muel
of the phosphorite was = nodnlar and polished as though in the
proeess of formation . ** Broken and re-cemented pieees ocenr
occasionally and several nodular specimens inelude pebbles of
clastic material.™  Borings in the phosphovite arve filled with recent
sediments, These nodules are Quaternary in age but formed before
the last glacial stage.  Finery and Dictz (1950) have descrihed
phosphorite of Miocene age in North America, and Willeox
(1953) has given an acconnt of phosphatic beds in England. Both
writers commeunt on the mode of formation of sueh deposits.

The nodule bed of the Hamilton distriet containg a large
number of vertebrate fossils, including whales, sharks, and fish
(represented hy jaws, palates, and vertehrae).  Stratigraphically.,
the nodule bed is Kalinman in age, beeanse althongh it rests on a
formation of Balcombian age. it is itself part of the overlyving
Kalimnan formation.  When the sample nodnles were heing
extracted as deseribed above, such typical Kalimnan mollusea as
Polinices cunninglhiamensis, Nassarius crassigranosus, Zenatiopsis
angustata, and Glycyueris decureens were noted in between the
nodules.  However, a cast of Afwria australis (a Cheltenhamian
or Balcombian fossil) was fonud in the nodnle bed by Dr. G. B.
Pritchard (Nat. Mus, ('olL.).

In the National Mnseum there is a colleetion of 49 species of
Kalinman fossils and a highly phosphatic nodule from Goodwood
station near Minhamite Railway Station 25 miles S-E. of
Hamilton (sec text-fig. 1) proving the extension of the Pliocenc
beds some distance further sonth. There is also a small collection
of Kalimman fossils from a well at 170 feet at Goroke, 75 miles
N.-N.-W. of Hamilton (pres. by Mrs, EHen M. Harvey, 13.9.23).

The late Mr. W..J. Parr kindly drew the attention of the writer
to the fact that the 1946 floods had washed out a section of Grange
Burn, revealing the Tertiavy beds further upstreamn than pre-
viously. Section 2 (text-fig. 6) was measured in N ovember, 1950
on the south bank of Grange Burn at the site marked on the
map (text-fig. 3). It will be seen from this section that below
the nodule bed there is a zone with cuwrrent-hedded sands and
sandy lenticles in a clay hed. These structures suggest a shallow-
g sea. Quiet waters in which clay settled are replaced by
disturbed waters with movement enough to transport sand and
induce current-hedding in it. In this area the level of the nodule
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bed was surveyed over as great a distance as possible, and the
average dip was found to be 0° 227 Qownstrean, This slight
dip is shared by the beds ahove and below 1t as can be seen by
their relation to the water level as one moves along Grange Buren.
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TEXT-FIGURE 6.—Section No. 2 on Grange Burn, near Hamillon, Victoria,
From waler level to the base of the basalt is 21 ft. 6 in.

About 275 feet cast of section 2, a richly fossiliferous hand out-
crops in the ereck hed with typical Balcombian fossils, On top of
this, especially in the sonth bank, is a ¢* nodnle hed ™ of waterworn
and glazed fragments of whale skeleton up to 1 toot long. Locally
at least there are thus two nodule heds about 5 feet apart strati-
graphically. No pieces of whale hone were found in the Ligher
nodule bed in this vieiity, bnt if the underlying 5 feet of rock
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had been eroded bringing the two nodnle heds together, we wonlkd
have the fypical nodule hed of othier localities. In the Muddy
Creck section there does not appear to he any deposit which can
be equated with this 5 feet which could he regavded as a * zone
ol disconformity . From the Baleombian marl one passes
direetly to the nodule hed and so the overlving Kalimnan as shown
i text-fig. 100 The same applies 1o seetion 1 on Chrange D,

Grange Burn Coquina—This formation ix extremely vich in
shells hoth complete and broken, and many of them still retain
mneh of their natural colour,  Ou Muddy Creek the formation
consists of the well-known shell-hed at MaeDonald's Banlk. but
a greater thickness ocenrs along Grange Bien, The fauna consist s
ol over 150 species of deseribed mollnsca alone, of whieli somet hing
like 10 per cent. are still living,  The fauna is a s<hallow-watoer
marine one, inchiding moluses such as patelloids, Mytilus, and
horers. Parr (1941) has drawn attention 1o the presence of <hallow
water foraminifera in this formation.

There ave extensive onterops of nartz porphyvrey on Grange
Bion opposite section 2. At locality 8 (see map. text-fig. 3) the
creck flows over a small saddle in the gnartz porphyry which
separates the main mass from a fos<il rock stack. No Balcombian
heds were found onteropping npstream from this little waterfall,
It there are Kalinman heds of near-<hove facies. Ahout 130 vards
upstream from focality cight and on the north hank there is (uartz
porphyry with holes infilled with ferraginons mmd fossiliferons
conglomerate (loc. 9. See PL 4, fig. 3.). Near the porphyry the
conglomerate is very heavy with bonlders as mneh as 15 inches
in diameter but generally less. Further away the conglomerate
is not so heavy. The conglomerate is very poorly sorted with
all grades of matervial. The contained pebbles are mostly porphyry
hut there are some of the greensand on which {he conglomerate
rests, showing penecontemporancons erosion.  The material of
fine conglomerate size is commonly of milky guartz. while the
sand fraction is chiefly clear and milky quartz and caleareons
matter. The fossils are ovsters (which are nimerons), calecarcons
worm tubes, and gasteropods.

A typical section in the north hank of Grange Bmrn between
focalities 8 and 9 shows 4 f1. 6 ins. of current-hedded caleareons
marine sandstone resting on 2 feet of conglmnerate. The tloor of
the creek here consists of this conglomerate but the corrosion of
channels reveals that the succession is as-shown in text-fig. 7. Mr.
G. Baker kindly confirmed that the greensand is glaucouitic.
Where oxidized, it assumes a fawn colour.
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TEXT-FIGURE 7.—-Section on Grange Burn, near Hamilton, between localities 8 and 9.

Swmmary of marine facies—"The geology and palacontology
done in this area arve only a fraction of what remains to be done,
bnt sufficient examination of the rocks has been made to nnder-
stand the snecession and the general facies of the various forma-
tions. This information is smmmmarized in text-fig. 8. The lowering
of temperature with time snggested hy the fossils is to he cheeked
hy O*/0™ analyses. The shallowing of the sca is evident from
the development of conglomerate, current-hedding, glanconite, and
shoreline forms of life. This discouforuity between the Muddy
Creek Marl and the Grange Burn Coquina is a sedimentary
hreak representing upper Miocene thne, more or less,

Eeologically, it is not likely that any bones ot terrestrial
animals would he fouud in the Mnddy Creek Marl, hnt it is more
likely in the near-shore to shoreline heds of the Grange B
(‘oquina.  As already stated, a picce of kangaroo jaw was found
in this formation at Forsyvth's Bank (Colliver, 1933; Singletou.
1935 ; Gill, 19534, B:; 1999).

Terrestrial Facles— At locality ten (sce map, text-fig. 3) on
Grange Burn there is a fossil ** podsol 7' soil with caleareous
nodules nndereath the baxalt which hlankets all the Tertiary beds
deseribed from the Hamilton distriet. In this soil are the roots
of trees in position of growth (L 4, fig. 1), and casts of bhranches
have been found in the basalt. Al the woods seen were softwoods.
One sample was identified as probably Phyllocladus by W. D.
Ingle of Forest Products Division of (*.S.1.R.O. The two Iargest
trees noted were those having root complexes 20 ins. wide by
G ins. thick, and 17 ins. by 4 ins.  The largest single root measured
had a diameter of 7 ins. in one direction by 4 ins. at right angles
to the first diameter. The wood has been coalified in some places,
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the water probably having been expelled by the pressmee and heat
of the basalt above.  Baker (1950) also noted thns wood. My
Jo T Willis has informed me that he tound a log of Phyllocladus
in Grange Burn about a foot in diaanceter and D to 6 feet long.
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TEXT-FIGURE 8. -Stratigraphy of the area west of Hamilton, Victoria.

There is a good deal of carbonaceons matter in lenticlos under
S L . ; .
the basalt.  Some of this was examined for pollen by Dr., Tsabel
" . 1* . * >D
(/()ol\:\(.m. No ])ollon was found bnt the material contained
plentiful plant fragments.
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Lacustrine facies—Further upstream at locality eleven (see
map, text-fig. 3) there is a diatomite under the hasalt, i.c. in the
same stratigraphic position as the soil with Cuscus and Phyllo-
cladus. The diatomite is underlain by a greyv ¢lay which merges
into a black clay containing plentiful pollen spores and fossil
leaves (for section see (ill, 1953p). The following diatons have
been recognized in the diatomite (Mindale, 1953: Gill, 1953n).

Cocconeis placentula,
Cymbella gastroides.
Kpithewmia zebra.
Fuvotia lunaris.

F. pectinalis.
Gowplonema inlricata.
Melosiva erenulata
M. granulata.
Navicula viridis.
Stauronets aneeps.
S. plivenecerleron.
Surirella fragments,

The above is a freshwater flova.  Cymbella ix an exclusively
freshwater genus (Tavlor, 1929).

Tu the carbonaceons clay under the diatomite tevcin-like
phyllodes have heen recognized (Cookson, 1954). Dr. L. Cookson.
Dr. S. 1. Duigan, and Miss K. M. Pike have recognized the
following flora from pollen grains and spores:—

Acactia nyriosporites.

A. octosporites.

Araucariacites austratis.

Casuarinidites caliwozoleus,

Dacrycarpites australionsis.

Dacrydiumites florinit,

Gleiehenia elretnidites and other fern spores.

Haloragicidites laloragoides.

Hyrtaceldites eucalyptotdes Yorma conrerus.

Triorites harrisii.
Dr. Cookson writes, ** There is every reason to believe that in
the Hamilton and Davlesford regions a mixed coniter-Kueal yptus
forest wasg not far removed from the seat of sedimentation.” "The
conifers dominated the flora but not as completely as the encalypts
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do now. The absence of Nothofagus invites connnent.  Living
species like well-drained slopes in an area of plentiful rainfall.
and probably the fossil species did too. At the Yallourn brown
coal open cut there is an exceptionally good opportunity of study-
g the flora, hut most of the wood and leaves ave of conifers,
although Nothofugus pollen is common. The interpretation of
this situation is that the conifers occupied the lowland areas,
while Nothofagus clothed the slopes of the surronnding hills
(Cookson, 1945). Similarly, in the Tertiary lignites at Kiandra
in the Snowy Mountains area of New South Wales theve is plenty
of Nothofagus pollen, but no leaves or wood belonging to that
genns were found. The leaves were of lanraceons and comferons
types and the woods were coniferons (Gill, 19544).  Again it is
to be inferred that the conifers and lauraceous types lived along
the waterways while Nothofagus grew on the hill slopes round
abont.  Althongh not present at Hamilton, Nothofagus is plentifnl
i other Pliocene deposits in Vietoria, and it still ocenrs in the
mountains in suitable habitats.  The veason for its absence at
ITamilton may be the flatness of {he tervain,.  There was an
adegnate rainfall but no well-drained slopes where it conld
flonrish,  This interpretation is supported by the absenee of such
detritals in the snb-hasaltic deposits as one could consider to be
derived from the nearby Grampian Monntains, It mav well he
that they were nplifted in the Upper Plhiocene when the conntry-
side was fanlted and the hasalts ontpoured.

Apart from the abzenee of Nolfliofagus, the flora at Grange
Burn is guite typical of the Upper Tertiny, A flora consisting
of eonifers plus broad-leaved types (the so-called Cinnamonm
flora of some writers) is typical of the Tertiary in Anstralia, and
has often been called the Miocene Flova, althongh Snssmileh
(1937) thought its date even later.  Hills (1938) gave reason to
think that it extended from Oligocene to Pliocene.  The writer
(Gill, 1952) showed that it ranged from Palacoicene to Upper
Pliocene—the whole span of Tertiary tiine.  Fleming (1953) has
hinted that the presence of Heligmope dennanti, a pelagic
casteropod genus found in other parts of the world too, may
mean that onr Kalinman beds inelude more than Lower Pliocene.
If this prove to be <o, then the terrestrial and lacustrine sub-
basaltic facies i the Hamilton areca are higher still in the
Pliocene.  On the other hand, they are definitelv not Pleistocene,
for none of the conifers so characteristic of the Tertiary have
been fonnd in the Pleistocene.  Cuscus helongs to tropical Aus-
tralia (Cape York Peninsnla) and New Guinea, and it would he
very diffienlt to picture this animal here in the Pleistocene.
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Sponge spicules are common in both the diatomite and the
cal.'bonaceous clay.  Some of the carbonaccous claystone was
boiled in nitric acid for two days, then washed and dried. From
the remaining sediment spicules belonging to the Spongillidac
were picked with a fine hrush. They are of two kinds—a size such
as 1s found in most freshwater deposits, and then an exceedingly
fine and delicate type of spicule. The spicules are very numerous
indeed, indicating a rich spouge fauna. ;

A Pliocene lacustrine deposit similar to the Hamilton one has
been described from Stony Creck near Daylesford in Vietoria
(Orr, 1927; Coulson, 1950). Diatomite, and pollen-hearing
carbonaceous clays with leaves and sponge spicules oceur there.

Palacoecology.—A  reconstruction of the terrestrial and
lacustrine facies of Upper Pliocene time in the Hamilton area
8 presented in text-fig. 9. The pluvialty and warmth of the
climate are indicated by the Tertiary flora, the wealth of ferns in
a flat terrain where there could he no deep fern gullies, the leached
soil, the presence of lakes, and the wealth of carbonaceons matter
and pollen. Cuscus is an inhabitant of warmer and wetter parts
than the Hamilton area is now with its temperate elimate and
rainfall of 26-98 ins. (average of 73 years. See Hounam, 1949.)
The nearest home of the cuscus is now 1,700 miles further north
in the tropies. Apart from the cuseus, there is no reason to think
that the climate was tropical, aud probably can hest he estimated
to have been a warm temperate one and plavial,

The depth and nature of the lacnstrine sedinmients shows that
the lake waters were quiet and shallow. The large quantity of
vegetable matter would develop conditions of chemical reduction
on the lake-floor. The wealth of diatoms and sponges indicate
that silica, calcium, carhonates, and mtrates were in sohition as
these are necessary tor their metabolism. The bedrock of highly-
aleareous rocks wounld ensure the presence of carbonates and
neutralize any aeidity, so that one might expect the waters to be
neutral or even on the alkaline side. Recent work shows that
the alkalinity of the waters is an important factor for some diatoims
at least (Knudson, 1954). The sea had recently retreated from
this area bhut was probably at some distance when this lake was
in existence because there have been found no Hystrichosphaeri-
deae which are so connnoil in deposits near coasts (ef. (fooksoi,
1953), and no pollen of salt marsh plants sueh as chenopods.  The
flat eoastal plain wonld provide a limited mmunber only of biotopes,

The podsol soil has 1o bu-el.cshot gravel or iron pan in it, and
this is dure no doubt to the inhibitory effect of the highly caleareons
parent material (Gill, 19537).  Iron is scarce in this environment.
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There ave streaks of iron wminerals in the fossil soil now, hut
these are obviously from the overlying basalt. Tu places there are
streaks of greenish-yellow whicli could he noutronite, also derived
from the basalt. The original soil was highly leached, being sandy
(mostly elear quartz) at the old land surface (a loipon from the
limestone), and with nmunerous calecareous nodules at 32 ins. from
the surface and further down. The nodules are rounded and coni-
monly ahout 4 ¢ni. in diauneter. The limestone in which the podsol
is developed consists of 50 per cent. CaCO; at the subsoil level.
Professor (. W. Leeper kindly deseribed samples from the profile
as follows :—

A, Very sandy loam.

B. Sandy clay loam to clay loam, mottled, with light-
coloured limey patehes 1in. to 3 in. in diameter.

There is an envichment in the B horvizon in hoth clay and lime.
The limestone on which this soil is developed must have been
redueed in thickness by the process of soil formation.

Fragments of the carbonaceous clay from the lacustrine deposit
were heated in a crucible.  Upon oxidation of all the carbonaceous
matter, the remaining material was rather like pottery, this
texture being due to the fusion of the nmumerous sponge spicules.
'Three ot the fragments were white and two a pale-fawn, illustrat-
g the poverty of iron in this formation. If the lake waters were
alkaline they would dissolve relatively little iron.  ** The solubility
of iron at pHG6 is about 10” times greater than at pH8-5 ** (Mason,
1952, p. 140).

Terrvestrial Facies in Muddy Creele Section—On moving
upstream trom the Balcombian beds at Clifton Bank on Muddy
("reek, one comes to MacDonald’s Bank with the nodule bed form-
ing the base of the Kalinmman deposits. The Kalimunan coquinoid
here is just like that above the nodule hed at section 2 (see text-
fig. 3), and many other places along Grange Burn. However, on
passing further up Muddy (reek and so higher stratigraphically.
instead of encountering the caleareous sandstone seen on Grange
Burn, one is confronted with a light-grey basaltie tuff, as shown in
text-fig. 10.

The tuff is 11 inches thick 11 the measured seetion, bhut is much
thicker than this. On account of hillwash, there are no outerops
by whicl the succession can be followed up the side of the valley.
The tuff is stratified and dips 17 upstream as does the nodule bed.
Apparently the slight tilting of the beds took place after the tuff
was deposited.

1637/55.—11
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TEXT-FIGURE 10.—Section on south bank of Muddy Creek, near Hamilton, Victoria,
at the east end of MacDonald’s Bank (locality 1 in text-figure 3).

In the marl immediately under the tnff some voleanic minerals
were found.  The light minerals are fine-grained, and consist
mostly of well-ronnded guartz and of mica. The heavy minerals
are of very small grain size, and include hackly olivine and angite.
Zircon, tourmaline, c¢hlovite, and hlack opaques are present.  The
small quantity and fineness of the basaltic taff mincrals in this bed
snggest minor or distant voleanie activity. However, the strati-
fied tuff which overlies it indicates strong voleanie activity. There
are numerons marine microfossils and a few macrofossils in the
lower part of this tuff, and some ripple marks, showing that the
tuff was laid under water. No gnartz can he seen in the tuft in
hand specimen hut some was fonnd on wmicroscopic examination.
Olivine is a very common constituent.

In the National Mnscum there is a picce of tnff whose lahel
reads, ‘‘ Presented by Rev. Mr. McFarlane, in Mareh, 1877.
Muddy Creek, 4 miles from Hamilton . This tuff contains plauts
in position of growth vertically through the stratification. In
addition there are fronds of a Blechnum-like fern horizontally
along a bedding plane. J. H. Willis, of the Melbourne Herbarium
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Says this form does not helong to auy species of Blechiwin growing
in Australia at the present time. ** There are no living represen-
tattves with the secondary lateral veins so close (3-4 per mm.).”’
The matrix has the appearance of a very fine silt, hut on decanting
proved to have practically no clay. Nevertheless the material acted
somewhat like a clay in that it stuck to the evaporating dish and
cracked on drying. This appears to be due to the large percentage
of chloritic material present. The hght fraction is mostly
chloritic material and quartz is very vare. Mica is present. There
is a small assemblage of heavy minerals, which are angular. Kresh,
sharp-edged grains of olivine are common and the opaques include
magnetite. No zircons were seen. There ave cloudy grains which
are probably altered mica. 1 am much indebted to Dr. A, W,
Beasley for cousiderable help with the mineralogical work. The
matrix of the fossil fern is thus a very fine tuft and a swampy
or lacustrine ecology is indicated. This sample may well helong
to the higher part of the tuff formation where weathering had
taken place (henee the chloritic material), and ferns were growing.
The amount of weathering shows that there was a hreak bhetween
the deposition of the tuff concerned and the emplacement of the
rock now above it—probably the basalt. A\ sample of this tulf
was washed for microfossils but none were fonnd, not even
sponge spicule. Further field work will no doubt clucidate the
suceession, but there is enongh evidence to say that a voleano was
active nearby so that tuff was ejected into the sea, but dnring the
deposition of the tuff, the sca retreated so that ferns grew where
arlier marine fossils were deposited.  The thickness of the tuf
does not seemn to account for this retreat of the sea, and tectonie
uplift provides a more feasible hypothesis.

The lack of sedimentary evidence for the presence of the
Graapian Monntains at that time (p. 150), and the evidence of
nplift and faulting associated with the vuleanism in this arca.
prompt the idea that the Grampians were clevated in Upper
Pliocene time.

On Cirange Burn a calearcous sandstone overlies the Kalimnan
shell bed and underlies the basalt.  There is no tuff.  On Muddy
(‘reek, the tuff overlies the Kalimnan shell bed and underhies
the hasalt. There is no caleareons sandstone.  The site of the
bnried soil with fossil Cuseus is only a little over a mile in a
divect line from MaceDonald’s Bank on Muddy (‘reck where the
tuff ocenrs. The fact that no tuff bed ocenrs o Grange Burn
suggests that the voleano was 1';1’(1}01' to .ﬂle sonth of Muddy Creek.
However, a sample of the soil in which the Cuscus tooth was
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found was examined mineralogically to sec if there were any trace
of volcanic ash.  Quartz is the commonest mineral, and the grains
are sub-angular. There are hackly olivine grains like those found
in the Muddy Creek tuff. The opaques ave some grains angular
and some ronded,  Tourmaline is present, and zireons, which are
small.  White mica and carbonaccons matervial are obvions con-
stitueuts. There is thus evidenee that come voleanie ash fell on
the Grange Burn area but not enongh to form a tnff deposit.

The whole of this late Tertiary terrain was later scaled off with
widespread hasalt flows,

Eueirowment of te Hawdllon Fossil Marsipiols. -

() The  Macropod —Thix  kangaroo lived  in Lower
Phocene time in a warm temperate or sub-tropical
climate, as ix indicated by the vieh marine fauna
with warm water elements, The animal was washed
out to sca where a portion of the raums was pre-
served ina shallow water marine coquinoid.  This is
the only cvidence of Lower Pliocene marsupial life
fonnd =o far in Vietoria.

(b) The Cuscus—N\ warin temperate or sub-tropical rain
forest coveved what ix now the ITamilton Distriet in
Upper Pliocene time. Some ccologists wonld call
suelea forest a wet selerophyll forest, retaining the
name *orain forest 7 for one entirely  withont
Fucalyplus. "The forest at Tamilton was chiefly a
coniferons one, hut the cucalypts, wattles, and <he-
oaks that characterize the extant flora were also well
represented.  Ferns were conmmon.  Freshwater
lakes were vielvin diatoms and sponges. The terrain
was flat and swapy, and the nuderlyving Hmestoue
was leached to give a ** podsolic " soil, not a lerra
rossa. 'The tooth of a cuscus tound by the writer in
the binied soil nuder the basalt ix the only vertehrate
fossil discovered so far, The living cusens is a vain
forest inhabitant in tropical areas, occurrmg ** from
Timor and Celebes through New Guinea to the
Solomons and Cape York. .. In addition to a diet
of leaves and fruit, it is xaid thev will cateh and
eat birds and other small animals.'”  (Troughtou,
1951.) The presence of Cuscus at Hawmilton fits in
with the evidence for a climate warmer and wetter
than the present.
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‘j AIRE ] AR AN hl ‘r‘1)71 ’ -
. OCCURRENCE OF PERTIARY MARSUPFALS AT Bravaanis, Vieronria.

The sea cliffs at Beaumaris are different from those found else-
where on the east side of Port Phillip Bay. Being more lithified
than the rocks that form the sloping eliffs of most of the N.-E
shore of the Ba.y, they constitute at Beanmaris a small ])1"0111()11—.
tory with vertical cliffs, Ay asynmmetrical pitehing anticline
brmgs up these rocks from their usnal position near sca-level to
form ¢liffs ahout o0 feet high. At Rickett’s Poiut, ironstonc
outcrops hetween tide marks, then further cast it rises eradually
to form the cliffs at Beaumaris. The axis of 1he ;mﬁ(jin(; is at

TO CHELTENHAM
RAILWAY STN.

CHARMAMN RD,
TERRAIN COVERED BY WHITE QUATERN,
O
bt SAND WITH REMMAMTS OF DUNE STRUCTL
u
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<
=

MIOCENE MARSUPIAL BONES FOUND
AMONG NODULES ON BEACH

SANDY BEACH FROM
EROSION OF RED
BLUFF MEMBER

F?ESERV& RO.

M.M BW.
EXCAVATION

PORT PHILLIP BAY
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o T _TABLE ROCK
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TEXT-FIGURE 11.- Locality map of Beaumaris, Victoria, showing structure (after Hall and
Pritchard 1897), the sites of auger holes, and fossil localities. Vertical cliffs occur where the
Black Rock Member outzrops, and sloping cliffs with sandy beaches characterize the coast where
the Red Bluff Member outcrops. The map is based on aerial photographs.



166 STRATIGRAPHY OF TERTIARY MARSUPIALS

the Beaumaris hoatsheds, then with a low dip of only a degree or
two the beds dip towards Mentone,  However, at the end of
Charman-road the heds dip znddealy at 200 1o 25 (strike
.25 8. ina monocline, and thus dizappear helow sca-level,
A short distanee S-W. of the monocline, the strike swings a httle
~o that it ix pavallel to the shore from there to Table Rock. This
swing in the strike can he scen by the eurve of a reef of ironstone
visible i the sea at low tide,  The monoeline is ascoeiated with
a change in direction of the coastline, and with the sndden change
from vertical eliffs of highly tosziliferons and ferrmginons marine
heds to more or Tess unfossiliferons, non-terrngimous softer fresh-
water heds which form sloping elifts caxily eroded.

The general strnetnre of the heds at Beammnaris is shown in
text-ig. 120 where the antichine and monoeline are indicated in a
diagrammatic seetion from Rickett's Point to Mentone Beach,
The two types of heds referved to above have been ineluded in the
Sandringham Sands formation (Gill, 1950), The type section ix
Red Bluff, Sandringham.  Sinee the above paper was written. the
author has carried ont further work on these strata, and it is clear
now that the two types of heds at Beauniuis are two memhbers of
the formation which can he seen at Red Bluff and traced on
throngh the subnrebs of Melhomrne to Keilor, a distanee of some
25 miles. It ix theretore here proposed that the folowing <nh-
division he recognized

Formation. Mewmbers.

Si;ll(]l'illgllillll Nandx o 2. Red Bluff ( Yonnger)
1. Black Rock (Older).

The stratigraphically higher Red Blnff member is a nonemarine
Cmostly fluviatile) one, while the lower Black Rock member is
marine,  The definition of these members in the type seetion of
the Sandringham Sands Formation at Red Blnff is shown in
text-fig, 13.

1. Red Bluff Mewber—Thix i< named after Red Blnff, Sand-
ringhany, the tvpe seetion of the Sandringham Sands formation.
At Red Bhuff it consists of about 78 feet of clayey sands, off-white
to varions pastel tints in colonr, red heing conmon and henee the
name of the blnff.  Generally speaking, the lowest part of the
member consists of sands, the large median part of sands, gravels,
and conglomerates. and the highest part of sands again. This
three-fold subdivision of the member can he recognized all over
Melbourne and is particularly well shown in niany sections up the
Maribyrnong River valley. ~ Foundry molding sands are taken
usually from the comparatively thin top and hottom sections whicl
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often consist of a fairly fine and well-sorted sand.
grain size is probably due to derivation from marine-sorted heds.
Because these layers of desirable sand are comparatively thin.
they have often been won by tunneling.  In many places there are
clay balls and clay lenticles in the median coarse seetion, and
these sometimes contain fossil leaves.  The elay lenticles, the
presence of fossil wood, and the carbonaceons seams nientioned in
the next paragraph are evidenee of the non-marine origin of the

Red Bluff member.

[ovenness of

]

BEACH RO.

BEACH \

TRUE NORTH
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TEXT-FIGURE 13A.- -Locality map, Sandringham and Black Rock,
Melbourne, Victoria.
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Red Bluff consists of a high sloping ¢hft with a platform at
its base.  This platform is not due to a higher custatic sca, hnt
to differential erosion. The platform consists of the mueh harder
Black Rock member on which is a seam of carbonaccous sand
capped by a thin iron pan. The carhonaceons sand is the base of
the Red Bluft member, but it has apparently held up pereolating
waters containing ron so that this has been deposited at that
level, The top of the platform is not level, following slight dips
of mp to 5" in this iron pan. As shown in text-tig. 138 this carbona-
ceonz seam cals out near beach level, .\t its intand extremity it
dips at various angles up to 15, The overlying heds are prac-
tically horizontal so the dips are probably dne to penecontem-
porancons shimping. At the various points along the coast where
the Black Roek member comes to the surface, this onteropping is
due to low anticlines or inter-member erosion. The largest tectonie
movement ig that shown by the anticline and monocline at
Beanmaris. The carbonaccons secam at Red DInftf is generally
about 1 foot in thickness but it attains 2 feet in places. The
carbon content varies somewhat, but from a sample collected by
the writer, Miss Kathleen Pike was able to recognize the
Following :—

H ystriclhosplaeridivm tubiferum,

("yathea and other spores.

Nothotfagus species A of Cookson, 1946,
Nothofagus species ¥ ot Cookson, 1946,
Nothofagus species g of Cookson, 1946,
Myrtaceidites cucalyploides forma orthus.
Fragments of cuticle and wood.

The Hystrichosphacridium is a marvine fossil (Cookson, 1933).
hut is often found i near-shore deposits, whenee it can easily
he wind-horne.  The remainder of the forms arve terrvestrial., The
ccology was probably that of a near-shore lagoon or Swanp
]nulml)lx like the Albert Park Lake or Elwood Swamp  in
Melbourne hetfore European settlement changed them.

The age of the carbonaceons seam is no doubt Tertiary as is
indicated b\ the wealth of heeches and the fact that the speeies
A roand g of N othofagus have not heen found in Quaternary beds.
Axs the Red Bluft member rests disconformably on the Black Rock
member which is Upper Miocene in age, the former can be taken
to be of Plhiocene age. The dlqcmltornnt\ between the two mem-
hers is the result of the evosive work of the sea as it retreated. A
lenticle of carbonaceous mmaterial similar to that at Red Bluff was
found at beach level at Hamptou by Mr, H. T. Clifford (personal
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communication). Hart (1893) mentioned the one at Red Blnft
and others at Mentone. The Victorian Mines Departinent (1938)
pt dTOWn' four bores in the Yarra Yarra Golf Links near the corner
of Warrigal and C'entre roads, Moorabhin, 43 miles inland from
Port Phillip Bay. Bore.3 struck 5 feet ot ** ligneous clay ™ at
116 to 121 feet from the surface which is not far from the 150-foot
contour of the Military Map. That the ligneous clay is found in
only one of four closely spaced bores snggests that its occmrence
is lenticular. The clay rests on a Ihmestone.  In the W. J. Parr
collection in the National Musemn are a couple of samples from
a water bore put down in 1939 in the Vietoria Golf Cluh's
property, Park-road, Cheltenham, about 1} wmiles from PPort
Phillip Bay. Over a marine limestone there occurred in this hore
at 217 feet a grey, carbonaceous, non-calcarcous siltstone with
sponge spicenles. Miss Kathleen M, Pike kindly examined this
sample and was able to identify :—

Nothofagus spp- E. F, 1 of Cookson (1946).
Casuarinidites cainozolcus.
Myrtaceidites parvus.

M. mesonesus.

M. cugenioides.
Dacrydiumites mawsonii.
D. florinii.

Triorites harrisii.
7Epacridaceae.

Fern spores.
Hystrichosphaerideac.

It will be noted that this flora is of a type similar to that from
Red Bluff. The driller’s sample also inclnded sandy material
which contained shiell fragments, foraminifera, ostracods, bryozoa.
and plant remains.  Small mollusea in the sample were filled with
arey carbonaceous silt. The sample may well be evidenee of a
former shoreline lagoon where terrestrial and marine foxsils
mixed, such as in the Elwood Swamp arca at the present time
where marine shells are found admixed with material rich in
pollen, spores, &e. (Cookson, 1954). It is interesting to note the
ocenrrence of these earbonaceous horizons in the same avea as
the shoreline outerops. More will be =aid later about the limestones
and their age, bnt along the coast in this area and in river valley
seetions wherever the Red Bluff wember is resting on other
sedimentary rocks, these are invariably the Black Roek member.
Keble (1950) desceribed the Baxter Sandstones ot the Mornington
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Penminsula and rvegarded them (p. 42) as = the terrestrial phase
contemporaneous with the Cheltenhamian . Other elays and
<ands were regarded by him a< Pliocene in age. What the
relationship i~ berween the Baxter Sand<tones and the po-t-
Cheltenhamian Red Bluff member i~ not known, but it i= possible
that they are homologons,

2. The White Sands.—1It will be noted from the section of
ted Bluft in text-fig. 138 that the white ~ands at the top of the
It are not melnded in the Red Bhaff member nor are they given
a formational name.  They were <unilarly exeluded from the
definition of the Sandringham Sands formation (Gill, 1950
These white ~ands appear to be a pedological prodier or weather-
me restdne or loipon from the hreakdown of the inderlyving for-
mation. Carroll (1949) tound noaminceralogical hreak hetween the
rocks at Beanmaris and the overlving winte ~ands~.  An indication
it the ave of the <ands 1~ given by the following constderations:

o) The white sands overlie hoth the Dlack Rock and 2l
Blutt member< and therefore are vonnger. They cap
the trmueated Deammaris antieline aned <o are later
than the carth movemen < atfecting the above two
members,

) They do not ocenr on the Red Blntt member where 1o
12 covered by Newer Basalt, and the <ands are there-
fore larer than the basalt.

() The white <ands have on them a podsol ~oil (Patton.
1933) which by comparison with other =oilz in Vie-
toria dated by radiocarbon (Gill, 1933 k. v, 19548)
one wonld expeetr 1o be Holocene in age.

() The white =ands have a dune topography, and so an
acollan origin.  That the dine profiles arve still
fairly well preserved i anindication of recent fornua-
tion.  The dunes were formed in a time drier than
the present. for they arve now immobilized hy
vegetation,

While the white <and= themselves have been ju proeess of
formation for a long time. they assuned their preseut form in a
recent dry peviod. Thix could have been the wid-Holocene arid
period of about 5.000 vears ago.

3. The Bluck Rocle Mombor.—The ditferences between the Red
Bluff member and the undervlving Black Rock member ave suni-
marized in text-fig. 14 The name ot the latter member is trom
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SANDRINGHAM SANDS FORMATION.

Red Bluif Member, i Black Rock Member,
|
P g P | e ) I, N— -
A
L. Sands and gravels, generally clayey ' 1. Sandstones to marly sands
. . . . L
2. Non-ferruginous } 2. Ferruginous, commonly forming iron-
stone
3. Non-calcareous 3. Calecareous, or origmally so
4. Lenticles and balls of pipeclay 1. No clay scams
5. Beds and lenticles of carbonaceous 5. Non-earbonaceous
sediments l
6. Not lithified 6. Lithified
7. Fossil wood, leaves, pollen, spores, | 7. Fossil whales, dolphins. sharks, rays.
freshwater sponge spienles : marine | fish, eephalopods, mollusca. brachio-
dinoflagellates  in carbonaecous | pods,  foraminifera.  eehinoderms.
sediments at seaward end  of | eorals, polyzoa and crusticea. A
member few marsupial bones from one site

8. Cliffs sloping, and suffer badlands = 8. Cliffs vertical, and break off in sections

erosion j

9. Pastel shades of grev, vellow, ved, | 9. Yellowish-brown and reddish-brown to
&e. | very dark brown

10. No stratifieation ‘ 10. Stratified

11. Current beddmg conumon 11. Current bedding not characteristic

Texr-ricure 14.—Comparison and contrast of the two members of the Sandringham
Sands Formation.

the suburb of Black Rock which appears to have been named from
an outerop on the beach of the dark Black Rock member. The
two members are alike in their high percentages of quartz, the
grains of whieh are well rounded, ]ldVlll(’ experienced a number of
eveles of erosion.  Carvoll (1949) has given the following sand
clay analyses :—
Sand ¢ (lav ¢
White sands overlving DBlack  Roek
member at Beawmaris .. - 75 25
Red Bluff member at Mentone i 90 10
Black Rock member at Beaumaris - 81 19
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Carroll states that ** Both the mechanical composition and the
mnneralogy of the Cheltenhamian heds at Beanmaris indicate that
the sowree of the material was in pre-existing sedimentary rocks ™.
“ Both lithologically and wmineralogically there is a break in
sedimentation between the Cheltenhamian beds and the presum-
ably overlying white sandstone at Mentone.”  In other words.
there is a clear nnneralogical difference hetween the Red Blaft
menmther and the Black Rock mewber. It should be noted that
for convenience Di. Carroll took the whole of the Black Rock
member at Beanmaris as ¢ Cheltenhamian beds ™', but i his
definition of this stage Siugleton (1941) limited it to the lower
20 feet of strata hecanse he conld not find fossils in the upper
beds and so conld not determine their age.

In the type seetion for the Sandringhamm Sands formation at
Red Bhuff, Sandringham, the Black Rock member is represented
by 6 to 10 feet of brown fine-grained sandstone from which Hall
and Pritchard (1897) have recorded a fanua of sixteen marine
species. The rocks are highly fermmginons and the ** simall enticn-
lar sheets of a hard grey Innestone ™ veferved to by the above
authors may appear calearcons but are not. The Black Roek
member here owes itx elevation above sea-level 1o a low anticline,
At a nmnber of places along this coastline the Black Rock member
rises above sea-level, apparently elevated hy rolls or low anticlines.
Hall and Pritehard (1897) record fossils trom some of 1hese
localities, one of which is Rickett s Point (see text-fig. 11). an
ironstone outerop inehided by Singleton in his mapping of the tyvpe
Cheltenhamian onterops. However, this appears to he the iron-
stone high in the {ype seetion nemr 1the hoatsheds which Singleton
(1941, p. 35) exchaded from his definition of the Cheltenlanrian.
and 11 this he so, then the ironstone at Rickett's Point ix 1ot
C‘heltenhamian., T it is Chelenhamian, then the voeks that form
the lower part of the member at Beamnaris hoatsheds here con-
stitnte the top of the member, and considerable crosion has taken
place; also there has heen lateral ¢hange in lithology. 1 the
ironstone at Rickett's Point is Cheltenhamian, then the Red Bhnff
member vests direetly on Chieltenhanian at Rickett's Point. bnt
at the Beamnmaris boatsheds there are some 20 feet of non-
Cheltenhamian rocks on top of the Cheltenhamian whiclh do not
belong to the Red Bluff Member.

Between Rickett’s Point and Table Roek ix Watkins Bay
which s interpreted as resulting trom the dipping of the ironstone
helow sea-level before rising to form the Beaumaris ¢liffs, Near
the centre line of this bay an auger hole was put down on the flat
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a few feet above high water level and behind the hathing sheds.
The section proved was as follows:—

Auger Hole 1.—
0 ft. to 2 ft—Dark-grey sand including carbonaccous
matter and arine shells (Subninella, Mytilus).

Remains of a small aboriginal kitchen midden. Band
of shells at 16 ins.

2 ft. to 4 ft. 8 ins.—Fine yellowish siliceous sand similar to
beach sand.

4 ft. 8 ins. to 5 ft. 9 ins.—Gravel and fine conglomerate.
Consists of coarse quartz sand with quartz pebbles up
to 1 in. diameter, and ironstone pebbles up to 2 ins.
diameter,

5 ft. 9 ins. to 12 ft—Mottled light-grey aud fawu, fine.
slightly clayey sand which is weathered for the first
foot and partly so for the next foot. Thereafter fresh
until 12 ft. where it became darker, coarser, and too
hard to cut with the auger. The ground water level
stood at 8 ft. (14.10.54). Samples at various levelx
were washed and found to cousist mostly of clear
quartz sand, with occasional mica flakes.  The clay
percentage is very low, the binding agency apparently
being the fine silt fraction.

The ahove scction is interpreted thus:—
0 ft. to 5 ft. 9 ins.—Quateruary sediments.
5 f££. 9 ins. to 12 ft.—Red Bluff member with weathered
surface (a juvenile soil).
12 ft.— Probably Black Rock wember.
Tn recent years a number of excavations have heen made in the
Red Bluff member in this distriet for sewerage punpiug stations
(e.g., corner Beach and Reserve roads, Beaumaris) and drainage
works, and the fresh material excavated is very similar to that
found in the Watkins Bay aunger hole from 5 ft. 9 ins. to 12 ft.

At the base of the Black Rock member is a nodule bed (Hart,
1893 : Hall and Pritchard, 1897; Cudmore, 1926; Singleton, 1941)
which is brought to beach level at the axis of the Beawmaris
anticline. This nodule bed marks a disconformity. The bed
undoer the nodule bed nowhere outerops at the present time, and
so two anger holes (Nos. 2 and 3) were put down to deternine
the nature and age of the underlying bed in the vieinity of the iwo
points at which Singleton measured seetions when defining hix

(leltenhamian Stage.
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Aduger Hole 2—0n the Beammaris beach west of the hoatsheds
and below the end of Bodley-street.  If the line of the brick
wall forming the rear of the hoatsheds is extended 27 ft. west.
a site is reached 3 1. 9 ins, trom the eliff where the auger hole
was pnt down.  Becanse of diffienlty cansed by the nodnles, a
hole was dug with a spade to 3 ft.. and then continned with the
anger.  The seetion from beacl level (not morve thaw a foot above
WMD) was as follows:

0 in. to 6 ins.—CQhit wash.

6 ins. to 3 f1. 3 inse— Coarse, well-ronnded, elear quartz sand
with some  coneretionary nodulex  (probably  from
crosion of the nodnle hed seaward of this point), and
pebbles of marl and ironstone.  Also  waterworn
Lovewia, Monostyeliia and Ostrea.

31, 3 ins, 1o 4 ft. 6 inse—Calearcons and ferruginons
nodiles with coarse quartz sand. Some of the calearcons
nodiles are mmeh hored with marine horings. but no
sueh borings were seen in the ferrnginons ones.

b A6 ins to 6 1. 1 in. —Yelowish-hrown marly sand rvieh
in foramnufera and ostvacods,

A6 LT i a hard calearcons hand was enconntered with
water flowing over it. \u nnsuceesstnl attempt was
made to pnneh throngh this hand with a feneing bar.

ALuger Hole 3.-—0n the Beanmaris heach near the former baths,
'rom the path that deseends the ¢lff, two rows of piles mark
where a platforn onee led ont to the haths. The platform ran for
a short distanee at an obligne angle to the ¢liff, then at vight angles
to the el ff straight ont to the baths. The post marking the change
of direetion ot this platform (25 11, from the cliff) was nsed ax
a heuel mark,  Anger Hole 3 was 35 ft. cast of this poxt and
15 1. 9 ins. from the eliff. The beach level at this spot is below
TEAV L and so lower than that at Auger Hole 2. TPhe seetion
encountered was as follows:—

0 ft. to 1 ft—DBeach =and, concretionary nodules, and
pehbles.

1 ft. to 5 tt. 9 inx—Yellowish-hrown marly sand as fonnd
in Auger Hole 2, with nodnles.

111 this seetion there was trouble with nodules jannning the auger,
and the hole was abandoned eventually because of this difficulty.
However, the suceession was clarified. At both sites the nodule
hed is underlain as it is overlain by marly sands.  In text-fig. 15,
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Singleton’s seetion west of the hoatsheds is represented diagram-
matically with the additiou of the information fronr Anger Hole 2.
The complete suceession may be summarized this:— -

+ fl—Quaternary whitish sands, windblown in part at least.
4 ft.—Iighly ferruginons sands,

Abont 35 ft—Brownish calcareons sands.  Nodule hed.

2 ft. plis—Yellowish-hrown calearcons sands.

As the same type of sediment ocenrs above and below the nodule
bed, the time taken to form it was not great cnough for a
change in facies to take place. There is a difference in the fanuas
above and below the nodule hed, but the difference in age is not a
great one. The hed below the nodule hed is Baleombian (Singleton,
1941), while the nodnle hed and above is Cheltenhamian,  This
marly sand facies of the Balcombian in intermediate hetween the
calcarcous clays of the type area at Baleombe Bav and the
ferruginons sands and gravels (oviginally caleareons ax shown
by the numerons casts and moulds of molluses) of the shoreline
facies to he seen at Royal Park, Essendon, and Keilor (see text-
fig.'16). The facies of the Black Rock Member is a near-shore one,
as 18 shown by the natuve of the sediments and the enclosed fossils.
The sediments are sands aud gravels (fine conglomerate in places)
with admixed caleareous matter.  Singleton (1941) said fhe sedi-
ments were glanconitie but Carroll (1949) claimed that she conld
only recognize nontronite. At spring low tide I dng a spade hole
and extracted greemish marl sand which tnrmed a fawn shade
o drying.  This colour change is probably due to nontronite, hut
in the same sample Mr. George Baker recognized glaneonite.
However, it is not plentitul.  Glanconite forms in shallow waters.
The presence of the bones of a mumber of land animals (the
marsnplals) also shows the site was near land. The marine fannma
includes near-shore mollusca and barnacles, A fossil erab
(1.15863) sent to Dr. M. F. Glaessuer for identification proved to
be Persephona sp. nov., a shallow water form. Evidence of
appreciable currents is provided by rolled specimens of large
hones (such as whale hones), pehbles, and cmrrent hedding (chiefly

TEXT-FIGURE 16.—Map showing the change from coarser to finer sediments
in the Miocene marine Red Bluff member of the Sandringham Sands formation.

Group 1 localities have sandy sediments, often very coarse. They have
the shoreline gasteropod Haliotis, and some have other shoreline forms such
as Turbo and limpets.

Group 2 localities have generally finer sandy sediments, and while not
possessing the above shoreline molluses, have numerous shallow water fossils.

Group 3 localities are characterized by a calcareous silt to clay deeper water
facies with appropriate fauna.
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in the Inghier beds). The Black Rock Member is marine through-
out. but in the higher part of the sequence at Beanmaris, Singleton
(1935) found fossil leaves which e veferred to Ciniamomum.
Plant remains have heen fonnd high in the same member
associated with wmarine fossils at Sonth Yarra, Roval Park, Ascot
Vale, and Keilor (three locatities in Green Gully were tonud by
Mr. Ron Wilkins). A log of wood was found in the same strati-
graphical horizon at Red Blaff (Hart, 1893). The leaves and
wood are at the top of the Black Rock member, and with the
sediments indicate a tinie when the waters were shallowing due
to the retreat of the sea.  This marine member is succeceded hy
the non-marine Red Bluff member.

Palacontology.—1all and Pritehard (1897) listed over 100
spectes of fossils from the Black Rock member at Beanmaris,
and later writers have extended their list considerably. The late
W. J. Parr (MSS) has listed the following foraminifera trom
the “ Neotrigonia bed near hase of eliffs, 300 yards cast of

L}

baths "' :—

Amphistegina lessonit (devived).
AdAuvomalina wowionoides.
Cibicides ingerianus.
Adobatulus.

O wundulus.
C.refulgens.
Diworphina tuberosa,
Discorbis bertheloti.

D. turbo.

Elphidium crispum.

E. macellum.

I, striatopunctatim.

E. vervriculatwmn.
Lenticuliva orbicularis.
Orbuline universa.,
Rotalia beccaru.

IR. com pressiuscula.
Siphowina australis.
Spirvillina decorata,

Judmore (1926) listed the vertebrates known from Beaumaris.
They comprise two spectes of whales, a dolphin, 28 species of
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sharks, eig.ht species of rays and sawfish, and two marsupials.
In the National Museum Collection there arc also some fish jaws
(not yet deseribed), and an earbone of a whale (P.16195) collected
by Dr. G. B. Pritchard and determined by the British Museum for
him as cf. Balaena, i.c., a whalebone whale, whereas those recorded
breviously are toothed whales. A collection of fossil teeth from
Beaumaris made by D. K. Holoway includes Oplegnathus manni
Chapman and Cudmore (1924, p. 145) which the authors deseribed
as restricted to the Kalimnan (including the Cheltenhamian stage
which was erected later). The Knife-Jaw O plegnathus woodwardi
is still living in Australian waters. A further new record sinee
Cudmore listed the fauna is that of an anterior tooth of Squalodon
cf. willinsont McCoy (P.16198) collected from the ¢ hasal beds.
Beaumaris ”, and presented to the National Muscum by J. M.
Wilson, 28th August, 1921 (see Singleton, 1933, p. 131). The
following table sets out the fossils occurring at Beanmaris which
appear to he of stratigraphical significance:

‘ Range.
Fossil, ’ ~ — = .

Jaleombian, |(‘hcltvnh:nni:m. Kalimnan.

MoLLusca—
Aturia australis NeCoy .. . e
Limopsis beaumariensis Chapman . . . ?l—- N —
Neolrigonia acuticostata McCoy .. .. —_—

VERTEBRATA—
C.archarias collata Eastman oc T ‘——— —————
C (Prionodon) javanus Martin .. B
Fdaphon mirabilis Chapman and Cudmore* —
I, sweeti Chapman and Pritchard =
Galeocerdo latidens Agassiz .. T e —
Myliobatis  moorabbinensis Chapman  and
Pritchard* —
Notidanus jenningsi Chapman and Pritchard* —
Nwmmopalatus  depressus  Chapman  and
Pritchard — o —
Oplegnathus mannt Chapman and Cudmore. . [ — - S
Pristis cudmorei Chapman* oc oc — -
1

* Known only from Beaumaris,

Most of the vertebrate fossils at Beaumaris appear to have
come from the nodule bed which is a concentration of caleareous
nodules, ferruginous nodules or pebbles, and vertebrate remains.
The matrix is a coarse clear-quartz sand. The calcareous nodules
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are not phosphatie, but the ferruginous nodules are shightly so.
The accaumnlation of derived nodules, and the coarseness of the
sand  matrix indicate the presence of comparatively strong
cirrents.  What thickness of heds (if any) was re nmvul is not
known.  Probably a temporary shallowing of the sea caused
crosion and so the aggregation of the nodules, then as the sea
became deeper and qmofcl the coarse sand gathered, then the fine
marly sand on top. A sample of thix marly sand tested for
phosphate showed a small amount present. The phosphate may
be from the erosion of whale and other bones. .\ thorough
mineralogical and chemical <tidy of the nodule hed conld throw
a great deal of light onits history. The period of time represented
l)\ the nodule bed is probably small geologically speaking because:

L On present knowledge there is no missing Stage between
the beds above and below, as there iz in the Tlamilton
distriet.

The sediments above and below the nodale bed are the
same e, marly sand.

Diring the formation of the nodnle hed the shore was pre-
stmably not far away, and this may well have been the time during
wlich most of the marsnpial bones were introdineed into tlhe
sediments of the Black Roek member. I so. they can he dated
very precisely,

Althongh vertebrate fossils are commonest in the nodule hed.
they ocenr hoth above and below this horizon, as can be seen by
the specimens nsed for the flnovine test.  The holotvpe of
Nealdicetus muegeel came from 6 £t to 10 ft. above 11W. ..
seanmaris U (Chapman, 1912). K. A, (ndmore collected a
dorsal rib of a whale neavly 6 feet long from ¢ the ¢hiff near the
point 7, Le., above the nodule hed. In the Cadmore Collection
i the National Musenm are sharks® teeth still in their matrices
and thns providing some evidence of the bed from which they are
derived.  Alan Keefer foimd a Targe part of the sknll of a toothed
whale (P, 16204-16207) c¢laimed to he ¢ z'u sttu on the sea bed
beneath the jetty as it leaves the hoatshed ', This fossil is encased
m fronstone and so presmmably comes from the ironstone band
above the Cheltenhamian as defined hy Singleton but still in the
Black Rock member. The palacontology and palacoee ology of
the Sandringham Sands formation are simmmnavized in toxt- ﬁo 17.
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PALAEONTOLOGY STRATIGRAPRPHY PALAEQECOLOGY
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TEXT-FIGURE 17.—Summary of the palaeontology and palaeoecology of
the two members of the Sandringham Sands formation.

Bore sumples—To the foregoing description of the Sandring-
ham Sands formation and its members, there needs ouly to be
added information from some bhore cores before a review of the
geological history is given. Reference has already been made to
carbonaccons sediments in certain water hores put down in the
southern suburbs of Melbomrne.  From a bore in the Victoria
Golf Club’s property in Park-road, (‘heltenham, arve samples
given as from 217 feet and 221 feet respeetively. Such bores are
usually put down by pereussiou methods and the samples are
not the most dependable.  However, the sample from 217 feet
consists of a piece of carbonaceous siltstone included in which
are quartz grains, mica flakes, freshwater spounge spicules, plant
remains, and what appears to he part of a seed caxe.  With this
non-ealeareons siltstone are ealeareous fossils sneh as foraminitera
(large and small), shells, shell fragnients, fine cidaroid spines,
hryozoa, and marine ostracods, which were Kindly deternined
by Mrs. Betty Kellett Nadeau as Bradleya dictyon (Brady),
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Cytherclloidea sp., and Cylhercis sp.  Probably at about 217 feet
there is a marine horizon, just above which is a lagoonal o1 similar
facies from which the carbonaceous siltstone comes.

The sample from 221 feet in this bore is mostly coarse.
consisting of rounded and angular picces of clear quartz, milky
quartz, grey quartz, and brownish qnartz, the first predominating.
Sonte grains are sub-spherical and highly polished; they are np
to 3 mm. in diameter.  Pieces of indurated siltstone, sone contain-
ing minute pebbles, oceur up to 1 in diameter and oceasionally
more.  Small ferrnginous pebbles ocenr in the siltstone and
separately: they generally have a glaze.  Most appear to be
imorganic but some appear to have heen internal casts of small
fossils. Nmmerous foraminifera are so preserved. especially
globigerinids.  The sammple also confains nmmerous picces of
broken and abraded mollusean shells np to 4 in. diameter.  Fossils
noted were picces of marine mollnsea, small marine gasteropods
and Famelhbranchs, hryozoa, marine sponge spienles, cidaroid
spines, very nunerous large foraminifera including Lepido-
cyclina, Amphistegina, and Operculing, and also small foramini-
fera  including  globigerinids. Crespin - (1943)  recorded
Lepidocyclina (Trybliolepedina) howehind from ** Vietoria Golf
Clnb, Cheltenham, at 221 feet ™. The facies is clearly marine, and
the pelagic globigerinids indicate aceess of the area to the onen
ocean.  The mumerous Lepidocyeling suggest a Batesfordian age.
but they conld he vemanié in this particular hed as they are so
worn. Different types of preservation algo snggest that more than
one horizon is represented.  However, this sample is of great
mferest in that it provides evidenee of the possible presence of
Batesfordian sediments in this area, whereas at present the out-
crop at Green Gully about 10 miles nortlr of Melbowrne (Crespin.
1926) is the only one recorded in the Melbonrne area. Field work
south of Keilor shows that Batesfordian limestone is more widely
distributed in the Green Cinlly area than formerly thought.

Another bore of interest to the present subject is one put
down in 1938 at the Kingston Heath Golf Links, also at Chelten-
ham. In the National Muscum is a sample collected by the late
W. J. Pary; and it comes from 136 feet. There are numerons
large forams (as in the Vietoria Golf Clab hore), and a few small
ones.  Bryozoa are nunmicrons.  Fragments of mollusea, triaxial
sponge spicules, and a marine ostracod (determined hy Mis. Betty
Kellett Nadean as Cytheropteron) ave present. There is much
coarse siliccons sand in the sample, nearly all clear quartz of mostly
well rounded grains.  Quartz pebbles up to 1 in. diameter occur,
and caleareous pebbles up to 13 in. diameter.
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Parr (quoted in Singleton, 1941, p. 78) found ** in the nodule
bed and immediately overlying strata ”’ some *“ worn and
glauconite-filled remanié Lepidocyclinae . No lepidocyclines
have been found in the hed underlying the nodule hed and so they
have probably cone from the erosion of some hed further towards
the shoreline of the times, Their source 15 probably the same as
that providing the large forams in the two Cheltenhamian hores
mentioned ahove.

General (eological Hislory—In Batestordian times a tropical
sea deposited sediments rich in lepidoeyelines over the Batesford-
Lara-Keilor-Cheltenham- Flinders area  of  southern  Viectora,
followed in Balcombian times by sediments in which these forms
arc comparatively rare. Knongh outerops are known of Balenm-
bian deposits in the Port Phillip area to show a gradation from
muddy  to  sandy to gravelly  facies. At Beaumaris, the
Baleombiau beds of marly sand are capped hy a nodule bed which
represents a period of erosion, and then perhaps a short time of
quieseence in which the ferrmginous nodnles were shghtly phos-
phatized. The Sandringham Sands formation was next deposited
—first the marine Black Rock wmember, which ineludes the type
Cheltenhamian section.  In the upper part of the Black Rock
member are some very coarse heds hecoming conglomeratic in
places. At a number of localitics leaves and wood have heen found
in the upper part of this marine member. The nature of the
sediments and the included land plants suggest a shallowing sea.
Disconformably above the Black Rock member is the Hon-marine
Red Bluff member with lenticles of pollen and spore-hearing
carbonaceous sediments, fossil wood, freshwater sponge spicnles,
and clay balls and lenticles containing Nothofagus-like leaves.
Mild tectonic deformation then took place, and basalt was extruded
over a wide area.

Tertiary Marsupials—Over a long period of vears terrestrial
fossils have from time fo time been found among the marine
vertehrate fossils picked nup on the shore platform at Beaumaris
and nearby. None of the marsnpials has heen found in sifu. Their
preservation is like that of the Tertiary marine vertehrates fomd
on the beach and 7 situ in the contiguons ¢liff. However, it was
formerly thought that in Aunstralia all the giant marsnpials
belonged to the Pleistocene, and so geologists were chary abomt
accepting the marsupials as bheing Tertiary in age.  With the
mtroduction of the modern finorine test it hecame possible to check
the origin of the marsnpials ((:}ill. 19538B), and the fo}l()wing are
the specinmiens nsed along with the :111{1])‘30;\' obtained. ‘ The
marsupials are described in the accompanying paper by Professor
Stirton.
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FLUORINE TEST ON TERTIARY MARSUPIALS FROM
VICTORIA.
A Marsveian REMAINS now in situ.
Reg. No. Tossil. ! Duata on Specimen, % .
P 15909 Nototherium - like | Brown, heavily mineralized portion 272
15910 Diprotodontid ; of maxilla from ‘ Beaumaris ”
MU.G.D. .. Natotherawm - like  Upper premolar witl same preser- 2o (5
2020 Diprotodontid vation as P 15909,  Reported in
1597 by Hall and Pritchard, one {
of whom collected it *‘some
yvears  before”  at  Beaumaris |
“loose among the pebbles on
the beach floor ™ i
I’ 15911 Sthewaros like = Very dark browi, ITgaMilahl 2 il
kangaroo mineralized, much abraded ramns
of a mandible.  IFound by F. A, |
(‘udmore at Beaumaris in the
shingle at low tide level, 3rd
; February, 1913
1’ 15912 Wallaby Dark  DLrownish-grey not  heavily 06N
mineralized fragimment of maxilla, -
“From Mr. Bailey. Loce. (lel-
tenham.”” IS8th Jdunce, 1883
1> 15908 Vombatas Brown, not heavily mineralized jaw 1-30

B. Crrck Fossips.

Frossil,

Reg. No.

I* 15906 Isurus hastalis

I 15905 Isurns hastalis . .

1> 15907 Isurvs hastalis

15904 Vertebra of shark
I

15913 Humerus of ‘
| dolphin
P 15903 .. ' Articulating bone

I of whale flipper '

Greyish-brown

fragment. ** Found on  DLeach
between Cheltenham  and Mor-
dialloe.” Presented by Mr.

Newberry 12th November, 1868

Date on Specimen,

Dark  Dbrownish-grey  mineralized
bony hase of a tooth of the upper
jaw collected by I8, A, Cudmore
in 1936, " Remanié from clay
bed under  nodule bed.™
" Washed ashore just west of
the ruined baths on to the shingle
bank at dead low tide,
maris

Enamel tip of same tooth D 15906

mineralized  bony

base of tooth of lower jaw

(formerly called Isurus rctroflerus

but see Leriche 1926, pls. 31-32).

* From nodule bed, east end of

seetion.””  Coll. I, A, Cudimore

Brown, mineralized.  Colleeted at
Beaumaris by Dr. G. B, Pritchard

Dark grey, heavily mineralized ..

Brown, mineralized. Collceted at
Reaumaris by E. T. Jones

Beau- }

)

50

)

O8]

68

82

<63

1,

A Fluorine
% P20, Index
31 -8 K6
29-4 1 w25
f
30-9 1 875
278 2:70
2509 665
0 IFlnorine
o Ps05 lmln.\.‘
S o2 G-05
36-3 760
30-4 94-45
o5 SERYD)
2843 100
20513 W ASE() 5
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NOTES ON FLUORINE TEST.

1. The notothere and kangaroo remains (P.15909-15911, M.U.G.D., 2020)
are shown to originate from the cliff which stands behind the beach at Beaumaris.
The fossils collected on the beach have fluorine indices comparable with those
of the fossils indubitably belonging to the Black Rock member of the Sandringham
Sands. The marsupials are Tertiary (Upper Miocene) in age and belong to
the Cheltenhamian Stage. The whale flipper has a lower index than any of
the other bony fossils collected from the Black Rock member. It may be part
of the whale whose rib Cudmore collected from above the nodule bed, and
so is younger than the other specimens. The lower fluorine index for the
comparatively impervious enamel of the tooth of Isurus hastalis as against the
bony root is in keeping with general experience (Gill, 1955, p. 110). The two
parts of the same tooth were included as a further test of this phenomenon.
Generally speaking, the darkest bones are the more worn and have the higher
percentages of fluorine, i.e., the dolphin, kangaroo, and sharks’ teeth. Some
collectors have regarded the dark (unoxidized) bones as coming from below
the nodule bed and the oxidized bones from the nodule bed or above. Auger
holes 2 and 3 show that at the cliff the strata are oxidized for some feet below
the nodule bed. However, the rocks at spring low-tide level and below are
unoxidized and so the dark fossils probably come from there.

2. The wallaby and wombat are not so mineralized as the other fossil
marsupials, and their fluorine indices are much lower. The wombat remains
came from the beach between Cheltenham and Mordialloc, i.e., an area in which
the younger Red Bluff member and not the Black Rock member outcrops. The
index is what one might expect for a fossil from the younger member. The
fossil wallaby came from the beach at ‘ Cheltenham’. It is only of more
recent years that Beaumaris has become a village. Before that the whole area
was called Cheltenham after the nearest railway station. Charman-road runs
directly from the station to the beach, and where it meets the coast is where
the monocline forms the boundary between the Black Rock member and the
Red Bluff member. The fossil wallaby therefore could belong to the latter
member, but even so its index is so low as to make one refrain from claiming
a Tertiary age for it. The best thing to do is to put it in the category of the
“not proven ’. At Wynyard, Hamilton, and Beaumaris, the Tertiary marsupials
occur in similar environments, viz., shallow water marine beds, sometimes
with wood and leaves suggesting the presence nearby of a river.

D). Avsrrania’s Terriacy Mansvrian Favya.

Professor R. A. Stirton’s paper (1953) on  Tertiary
marsupials from Palankarinma, South Australia, appeared as this
work was about to go to press, so the fossils deseribed therein are
now inchided with those referred to in this paper to constitute the
list of Australian Tertiary mavsupials so far discovered. Professor
Stirton regards the fauna from Palankarinng as Pliocene because
a notothere from there has affiuities with the notothere from the
Upper Miocene of Beaumaris, Vicetoria, bnt is evolutionally more
advanced.
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1

Site. ' Age, Facies, Marsupial. Taxonomy.
[ | rl T
Palankarinna, South ! Pliocene 2 .. | Fluviatile Bandicoot .. Ischnodon australis  Stirton
Australia .
" -0 o0 X ” Wallaby .. Prionotemnus palankarinnacus
Stirton
» % . e . Notothere Meniscolophus mawsoni Stirton
o = o . N Koala
Smeaton, Victoria. .  Pliocene  or . Between native | (laweodon ballaratensis Stirton
Pleistocene cat and Tasx- ‘
manian Bevil
Mentone Beach, | Pliocene . .. Wombat JB Vombatus

Victoria
Grange Burn, ncar © Upper  Plio- Perrestrial  Cnseus

Hamilton, Vie- cene
toria t
Lower  Pho- Marine .. Kangaroo
cene
Beanmaris, Victoria Upper  Mio- ” . Notothere
cene
% o0 | o - .o Grant kangaroo
{
Wynyard, Tasmania | Oligocene  or .. .. Possum oo Wynyardia  bassiana Speneer
| Upper

|4‘ CO110
LOCeNt

That all the giant Australian marsupials belonged  to o the
Pleistocene was an idea previously accepted in Anstralia, but
which must now he abandoned, as it ix proved that nototheres and
glant kangaroosx were here in Tertiary time.  Nor shonld this
really occasion surprise becanse there were many giant placentals
on other continents during the Tevtiary.

The list of Australian Tertiary marsupials ineludes members
of the following families:—

DirroTODONTIA Phalangeridac.
Phascolaretidae.
Vombatidac.
Macropodidac.
PoryrroronoNtia  Dasyvimidae,
Paramelidae.
This wide variety of forms snggests an carly differentiation. The
differentiation of the marsnpials in Australia may well parallel
the differentiation of the placentals on other continents.

The first glimpses of a stratigraphy based on the marsupials
can be seen in this list. For exaumple, the Upper Miocene notothere
from Beaumaris is succeeded by the Phocene notothere from
Palankarinna, which m turn is sneceeded by the Pleistocene
Nototherium and. Diprotodon.

It has been asked why more Tertiary marsupials have not heen
tound in Australia. 'The answer may be that many deposits con-
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sidered Pleistocene because of the presence of giant marsupials or
for other such inadequate reasons may be in fact Tertiary in age.
Attention is now drawn to some sueh localities.

Al
E. SoMmE PossiBLE TERTIARY MARSUPIAL LOCALITIES IN AUSTRALIA.

1. One Tree Point, Tasmania—dJohnston (1882), showed that
the Derwent valley was occupied hy a freshwater lake in Tertiary
times. Omn pages 11 to 13 he gives an account of a section at
One Tree Point, Hobart, where hone breceia was discovered in
the joints of a lava flow. Johnston thought that this hreccia was
sealed off by amother lava flow, and that it is therefore of the
same age as the flows. Tasmanian geologists assign the basalts
concerned an Upper Tertiary age. If Johnston's account of the
occurrence of the breccia he corveet, and if the basalts are correctly
dated (there is mo reason to doubt this), then the bones ave of
Tertiary age. Johmston recorded from the breceia a kangaroo-rat
tooth determined as Hypsiprymnus (1882, figs. 63a-cc), and also
‘““ the well preserved incisor of an animal relating to the existing
wombat.”” In an explanation of figures on page 50, there 1s listed
a ‘“ fossil incisor of an animal probably allied to the existing
Halmaturus from the bone breceia, One Tree Point.””  Ifigs. 654-p
comprise ‘* various sections of a leg bone of a marsupial.”  On
page ii. of the same volume, a donation is recorded from *° Mr. J.
Moore. Fragments of bone, teeth, &e., from a Tertiary deposit,
exposed by blasting at the Alexandra Battery, One Tree Pomt.™
The figured specimens have not yet been located at the Tasmanian
Museum, Hobart, hut nineteen fragments from the same site
numbered Z.164 have been found. Inside they are off-white m
colour, with a light-brown (iron oxide) exterior surface. The
fragments are 4 to 2 ins. long and | to 3/16 in. thick. They appear
to he mostly fragments of a long bone or bones of a marsupial
the size of a kangaroo. Johnston later (1888, pp. 280-281) pub-
lished a section of the rocks at One Tree Point, and gave some
further information about the fossil bounes.

2. Geilston Travertine, Tasmania.—In the Papers and Pro-
ceedings of the Roval Society of Tasmania for 1881 there 1s a
record (p.12) of ¢ bones obtained hy the late Mr. Morton Allport
from the Geilston Travertin.”” Johnston (18808, 1885k, ¥) had
already reported hones, fruit, leaves, and snails from this forma-
tion, which he regarded (1838) ax Tertiary i age.

3. Smeaton, Victoria—In an accompanying paper, Professor
Stirton (19558) has deseribed a new  genus and  species of
marsupial as Glaucodon ballaratenses (Ballarat being the nearest
¢ity) based on a rammus })1‘esenteg to this Museum by J. M‘{p'sl}all
in 1914 (reg. No. P.16136). The fossil came from a depth of 50 feet
i1 a well in section 42, Parish of Smeaton, which site is 23 miles
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north-west of the village of Smeaton, which is about 16 miles north
of Ballarat, Victoria. The writer was conducted to the site hy
an old resident, J. V. Wilson, and by J. Keenan. As the sides
of the well were tending to crumble (a commentary on the nature
of the rock), a windmill was set up over the well, and the downpipe
was protected with earthenware drain pipes. The space between
ﬁ,he earthenware pipes and the sides of the well was then filled
m with rock. It was thus not possible to study the walls of the
well. However, the general geology of the area is as shown in
Quarter Sheet 57 N.-E. and the geological map of the Creswick
Gold Field published by the Geological Survey ot Victoria. .\
map based oun these is shown in text-fig. 18, on which the site
1s shown.  An intensive study is needed hefore the fossil can be
dated with accuracy, but the materials in which the well was sunk
appear to have heen laid down subsequently to the eruptions of
the voleanoes represented by Mt. Moorookyle and MeRorie's Hill.
The site is older than Holocene, and is either Pleistocene or
Pliocene. The Geological Survey mapped the formation as Upper
Plhiocene, but in those davs (1880) the Pliocene-Pleistocenc
houndary had not heen fixed.

4. Buninyong, Vietoriv~——At the Great Buninyong Kastate
Mine at Buninyong, about 6 miles south of Ballarat, marsupial
hones were found at a depth of 238 feet 1u a carbonaccous clay
under the basalt. Details of the oceurrence have heen supplied
hy Hart (1899), and the hones found referred to Macropus fauwuwus
by De Vis (1899). Much argunient has centered round a piece of
a rib of a large marsupial (?Nototherium) thought to he a man-
made tool (De Vis, 1899; Keble, 1945, 1947). The alleged imple-
ment is in the National Muscum of Vietoria, while the fossil
hones are in the Musecum of the Ballarat School of Mines. The
writer does not consider the piece of rib an implement, and 1=
undertaking fluorine and pollen analyses in an effort to determine
the age of the deposit.

5. Coimadai, Victoria—Lacustrine deposits originally con-
sidered to he Tertiary in age (Ferguson, 1894 Officer and Hogg.
1897, 1898; Dumm, 1910) were later considered to he definitely
Pleistocene by Summers (1923), Coulson (1924), and Keble (1945)
on the evidence of marsupial fossils determined by De Vis (in
Officer and Hogg, 1898). Coulson also reports some rather
indefinite plant remains. Marsupial fossils obtained from the
linestone at Coimadai were determined by De Vis as:—

Phascolomys parvus Owen.
Macropus dryas De Vis,
M. analk Owen.

M. cooperi Owen.
Notothere remains.
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Maeroscopic plant remains in the National Musenm from this
site consist of Casuaring stems aud fruits, which give no clear
indication of age. A specimen of carbonaceons clay was analysed
for pollen but proved negative. However, it is hoped that other
investigations nnder way will he able to date the Coimadai deposit.
Dating of this deposit will also date the Rowsley Fault and other
important geologieal features.

There are many other localities with marsupial remains which
may be Tertiary in age, and it is suggested that all the older beds
containing such remains shonld be re-studied in the hight of recent
findings.
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EXPLANATION OF PLATES,

PLATE 1.

Reproduction of Professor Baldwin Spencer’s original drawing of Wynyardia
bassiana. Natural size.

Fi1c. 1. Dorsal surface of cranium.

Fi1Gc. 2. Ventral surface of cranium.

F1Gc. 3. Axis vertebra from the left side.

FiG. 4. Portion of the pelvic girdle showing the acetabulum and ischium.

PLATE 2.

Coastal view looking west in the vicinity of Wynyard, north Tasmania.
On the left is Fossil Bluff, whence came Wynyardia. In the distance is
Table Cape which consists of basalt. In the foreground is the shore
platform of Permian tillite.

Fi1G. 2. Fossil Bluff, consisting of Lower Tertiary sediments capped by basalt, and
resting on Permian Tillite. The thin darker * Crassatelle Bed” at the
base of the cliff is succeeded by the much thicker “ Turritella Bed.”

FiGc. 3. Looking down on the shore platform of Permian tillite, showing drop

pebbles in a fine matrix.

Fia.

=

PLATE 3.

Fig. 1. Forsyth’s Bank on Grange Burn, near Hamilton, Victoria. The ecliff
consists of Grange Burn Coquina capped by basalt. In the foreground
is the underlying Muddy Creek Marl, with remnants of the Nodule Bed
on it. The ruins of Forsyth’s house can be seen on the top of the cliff,
and the motor-truck (top right) provides the scale.

Fi1G. 2. Bochara Limestone resting on the bedrock of quartz porphyry (left),
Grange Burn, west of Henty's house and near the natural arch.

Fic. 3. Natural arch in Bochara Limestone on Grange Burn, west of Henty’s
house. The limestone is rich in lepidocvcline foraminifera and other
fossils.

PLATE 4.

Fig. 1. Stump of fossil conifer in fossil soil, covered by vesicular basalt, on
south bank of Grange Burn at locality 10 (see text-figure 3), west of
Hamilton, Victoria. Scale given by rule, of which a little over 3 ins. is
showing.

Fig. 2. Locality 10, Grange Burn, near Hamilton. The fossil Cuscus tooth
came from the fossil soil under the basalt. The figure in the photo is
5 ft. 4 ins. high.

Fig. 3. Ferruginized sediments of the Grange Burn Coquina in crevices in quartz
porphyry country rock at locality 9, Grange Burp (see text-figure 3),
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